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SYNOPSIS
This appendix presents the results of studies of the fisheries,
wildlife and recreation interests undertaken by the International
Great Lakes Levels Board, which was established by the International
Joint Commission on December 2, 1964, to advise it on the foregoing
matters.
Studies were made concurrently to determine the economic effect
of changes in levels and flows on the fisheries, wildlife and rec-
reation interests. As part of the requirement for base line data,
a detailed inventory survey of existing conditions and developments
on the entire Great Lakes-St. Lawrence River shoreline was carried
out. Where appropriate, a description of how the dollar values of
benefits or losses for a given interest were determined is provided
in this appendix.
The methodologies used or investigated for evaluating plans
for fisheries, wildlife and recreation interests indicate by lake,
separate interest and country, the amount and distribution of bene-
fits or losses. Results of the evaluation of selected regulation
plans are provided in this report. The physical or hydrological
evaluations were made for fisheries, wildlife and recreation inter-
ests by comparing levels which would result from a plan as compared
with the basis—of—comparison.
In evaluating the effect of lake level regulation on the fish-
‘eries, two techniques were used. The effects of varying lake levels
on the use of docks and wharves for commercial fishing operations
were investigated. These effects were found to have only small
economic impact. The other involved determining the effects of lake
level regulation on the fish stocks found in the lakes and the inter-
connecting channels. No economic evaluation has been provided. A
qualitative evaluation was made primarily in the connecting channels.
The evaluation of marshland acreage under the basis—of-comparison
conditions and any regulation plan is computed and is a measure of the
benefit or loss to wildlife for any plan.
The methodology used to evaluate the effects of further regula—
tion of lake levels upon recreation beaches involved a comparison
of the seasonal value of beaches under basis—of—comparison conditions
and under regulated conditions. The effects of a regulation plan on
available beach area for a given recreation beach are considered
to be a function of (a) an addition or subtraction of total beach
area due to regulation, (b) uSer-day values related to beach and
 
 water quality, and (c) intensity of beach use. Maximum benefits
for all beaches on a given lake are assumed to occur at the percent
exceedence level at which the value of additional beach area ex—
posed below this level is balanced by the drop in value caused by
exposure of undesirable beach features.
It has been determined that where a recreational boat is based
at a wharf or boathouse, both high and low water may limit the use
of the structure and hence the use of the boat. A methodology was
developed for recreational boating evaluation to give an estimate
of the average value to a boat owner of a user—day. The boat user—
day is then related to the effectiVe boating season for both basis—
of-comparison and the regulation plan being evaluated. These Effects
were found to be negligible for the regulation plans evaluated.
 
PROPERTY OF
10"" COHMISSIDI
"BIA"
D-ii
 TABLE OF CONTENTS
SYNOPSIS
TABLE OF CONTENTS
LIST OF FIGURES
LIST OF TABLES
1. INTRODUCTION
1.1 General
1.2 Organization
1.3 Procedure of Study
1.4 Prior Studies
2. FISHERIES
2.1 General
2.1.1 Lake Superior
2.1.2 Lake Huron
2.1.3 Lake Michigan
2.1.4 St. Clair River, Lake St. Clair and
Detroit River
2.1.5 Lake Erie and Upper Niagara River
2.1.6 Lake Ontario and St. Lawrence River
(International Reach)
2.1.7 St. Lawrence River--Canadian Reach
2.2 Assumptions
2.3 Methodology
2.3.1 Commercial and Sport Fishing Structures
and Operations
2.3.2 Fish Stoeks
2.3.3 Ecology
2.4 Data
2.5 Plans Requiring New Regulatory Works
2.5.1 Effects on Commercial and Sport Fishing
Structures and Operations
D-iii
 
D-5
D—6
D—6
 
 2.6
3.1
3.2
3.3
3.4
3.5
TABLE OF CONTENTS (Cont'd)
2.5.2 Effects on Connecting Channels
2.5.3 Effects on General Ecology
2.5.4 Effects on Pollution Concentrations
Evaluation of Plan SO-90l
2.6.1 Effects on Fishery Resource "Stocks"
2.6.2 Effects on Commercial and Sport Fishing
Structures and Operations
2.6.3 Effects on Connecting Channels
2.6.4 Effects on General Ecology
2.6.5 Effects on Pollution Concentration
2.6.6 Criteria for Mitigation and Enhancement of
Fishery
WILDLIFE
Physical Parameters
Biological Zones
3.2.1 Deep, Open Waters
3.2.2 Shoal Areas and Marshes
Wildlife and Other Aquatic Resources
Lands Related to Wildlife
3.4.1 Public Shorelines
3.4.2 Recreational Use
Problems Related to Wildlife Shorelines
3.5-1 Shoreline Damage
3.5.2 Urbanization
3.5.3 Dredging
3.5.4 Pollution
3.5.5 Management of Shoreline Marshes
Duiv
D—89
D—89
D—92
D-93
D—93
D—94
D-94
D—95
[é
 3.6
3.7
3.8
3.9
4.4
4.5
TABLE OF CONTENTS (Cont'd)
3.5.6 Projections and Forecasts of Problems
Study Assumptions
Study Data
Methodology
Evaluation of Selected Regulation Plans
3.9.1 Plan 80-901
3.9.2 Plans SEQ-901, SEQ-33 and SEO-42P
3.9.3 Plan SMHO-ll
3.9.4 Plan SMHEO-38
3.9.5 Effects of Alternative Bases—of-Comparison
BEACHES
General Consideration
4.1.1 Physical
4.1.2 Socio-Economic
Level Fluctuations
4.2.1 Adverse Effects of Extreme Fluctuation
4.2.2 Beneficial Effects of Fluctuation
Assumptions
Methodology
4.4.1 Beach Utility
4.4.2 Procedures
4.4.3 Variations in Methodology
4.4.4 Sample Calculation
4.4.5 Demand
4.4.6 Beach Value
Data
D—95
D-96
D-97
D—98
D—99
D—lO7
D—108
D—111
D—111
D—115
D—118
D-118
D—118
D—122
D-123
D—124
D—124
D—124
D-125
D—125
D—125
D-133
D—134
D—134
D-14O
D—143
 
 4.6
5.2
5.3
5.4
6.3
6.4
6.5
TABLE OF CONTENTS (COnt'd)
Evaluation of Regulation Plans
4.6.1 Regulation Plan 30-901
4.6.2 Regulation Plan SMHEO-38
4.6.3 SEO Regulation Plans
4.6.4 Regulation Plan SMHO-ll
4.6.5 Effects of Alternative Bases-of-Comparison
4.6.6 Sensitivity Analysis
Qualitative Considerations
4.7.1 Regulation Benefits to Beach Management
4.7.2 Effect of Water Quality on Beach Uses
RECREATIONAL BOATING
General
5.1.1 Boat Population
5.1.2 Types of Boat-Based Sites
5.1.3 Effects of Level Fluctuations
Assumptions
Methodology
5.3.1 Boating Period of Use
5.3.2 MEthod of Determining Effect on
Recreational Boats
Evaluation of Regulation Plans
SUMMARY
General
Fisheries
Wildlife
Beaches
Recreational Boating
D—vi
D-l43
D—l43
D—l44
D—l44
D—l47
D—151
D—151
D-154
D—154
D-155
D—158
D—158
D-l60
D—160
D—l60
D—l6l
D-l62
D—l62
D—l63
D—l63
D—l65
D—165
D—165
D—l66
D—l67
D—l69
 D-3
D-4
D-5
D-6
D-7
Great Lakes-St.
Lake
Lake Huron
Lake
Lake St.
Lake Erie
Lake
LIST OF FIGURES
Superior
Michigan
Clair
Ontario
St. Lawrence River,
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Catch vs.
Catch vs.
Catch vs.
Catch vs.
Catch VS.
Catch vs.
Aquatic Food Web
Control Gate Movement Schedule - St.
Water
Water
Water
Water
Water
Water
Levels
Levels
Levels
Levels
Levels
Levels
Lake Ontario to
Location of Staff Gages - St. Marys
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Marys River 1971
Lawrence River Drainage Basin
St. Peter
Superior
Michigan
Huron
St. Clair
Erie
Ontario
River
Photographic Stations - St. Marys River
Transects for Water Quality Sampling - St. Marys River
Regulatory Structure Locations- St. Clair—Detroit Rivers
Exposure of St. Marys River Bottom at One‘half
Gate Setting
View of South Flank Whitefish Island, St. Marys Rapids,
at Four, Two, and One-half Gate Setting
Exposure of St. Marys River Bottom at Two Gate Setting
D-vii
D—46
D-47
D-48
D-49
D—52
D—58
D-61
 
D-69
D-72
D-73
  
D—26
D-27
D-28
D-29
D-30
D-3l
LIST OF FIGURES (cont'd)
Types of Shoreline Habitat of Particular Value
to Sport Fish and Aquatic Wildlife
Restricted Drainage Outlet - South Shore of
Lake Superior
Lake Connected Inland Marsh, Allovez Bay -
Duluth Harbor, Minnesota, Lake Superior
Shallow sloping Beach, Marsh Edge, Long Point Beach,
Ontario, Lake Erie
Unrestricted Bay, Mitchell Bay, Ontario-Lake
St. Clair
Protected Shoreline, Managed Marsh, Sandusky
Bay, Ohio, Lake Erie
Southern Lake Michigan Beach
Contrast of Beach Use in Urban and Rural Areas
Recreational CraftsThrong the Boat Basin of Chicago
Harbor, Illinois
Stage Duration Curves - Lakes Michigan-Huron
D—viii
Page
D—lOl
D—102
D—103
D—104
D—105
D—lO6
D—121
D—l39
D—159
D—l64
 Table
13-4
D-5
D-6
D-7
D-8
D-9
D-lO
LIST OF TABLES
Ten-Year Averages of Total Commercial Annual
Catches from Lake Superior
Ten-Year Averages of Total Commercial Catches
from Lake Ontario
The Average Total Catch of Fish in Canada and
United States Waters of Lake Ontario
Effects of Lake Levels and Their Duration on
Fish Stocks
Regulation of Lakes Superior and Ontario.
Summary of Ranges of Stage in Feet and F10w
in Thousands of Cubic Feet per Second
Great Lakes - Wildlife Habitat
United States Shoreline in Public Ownership
along the Great Lakes
Canadian Shoreline Ownership along the Great Lakes
Acreage of Great Lakes Marshland Wildlife Habitat
Effects of Plan SO-90l on Wildlife Habitat
Effects of Plan SEQ-901 on Wildlife Habitat
Effects of Plan SEQ-33 on Wildlife Habitat
Effects of Plan SEO-42P on Wildlife Habitat
Effects of Plan SMHO-ll on Wildlife Habitat
Effects of Plan SMHEO-38 on Wildlife Habitat
Restoration of Lake Huron Outlet to 1933 Conditions
Beach Rating Example
Number of Beaches Evaluated
Number of Miles of Beach Evaluated
Exposed Beach Area at Various Water Levels in
the United States
Exposed Beach Area at Various Water Levels in Canada
D—ix
D—51
D—67
D-lOO
D-109
D—llO
D—112
D-ll3
D—114
D—ll6
D—ll7
D—127
D-128
D—128
D-129
D-130  
 LIST OF TABLES (Cont'd)
Projected Deficiencies in Beach Area in the
United States
Projected Increase of Beach Acreage
Effects of Plan
Effects
Effects
Effects
Effects
Effects
Effects
of
of
of
of
of
of
Recreation
Pollutants
Summary of
Summary of
Plan
Plan
Plan
Plan
Plan
SO—90l on Recreation Beaches
SMHEO—38 on Recreation Beaches
SEQ-33 on Recreation Beaches
SEQ—901 on Recreation Beaches
SEO—AZP on Recreation Beaches
SMHO—ll on Recreation Beaches
Alternative Bases—of-Comparison on
Beaches
and Their Effects
Effects on Wildlife Habitat
Economic Evaluation by Lake and
Country for Recreation Beaches
 
D-th
D—th
D-146
D—148
D—lh9
D—lSO
D-152
D—153
D—156
D-l68
D—l7O
 Annex
LIST OF ANNEXES
List of Participants in the Fish, Wildlife and
Recreation Study
Letter of Inquiry on Fishery Effects
Summary of Responses to Letter of Inquiry on
Fishery Effects
D—xi
Page
D—Al
 
 MAIN REPORT—REGULATION OF GREAT LAKES W
ATER LEVELS
Appendices To This Report Listed Below
APPENDIX A - HYDROLOGY AND HYDRAULICS
A detailed description of the hydrology and hydrauli
cs of the Great Lakes system,
including an outline of the "state of knowledge" of the
various factors which
govern its water supply and affect the respons
e of the system to its supply.
APPENDIX B - LAKE REGULATION
A documentation of the studies related to the regu
lation of all the Great Lakes
and various combinations of them and a presentatio
n of an array of plans for
regulating the levels of these combinations.
APPENDIX C — SHORE PROPERTY
A documentation of the methodology developed to estimat
e in economic terms the
effects of changes in water level regimes on erosion and in
undation of the shore—
line, marine structures and water intakes and sewer o
utfalls, and of the detailed
evaluations of selected regulation plans.
THIS IS APPENDIX D — FISH, WILDLIFE AND RECREATION
APPENDIX E - COMMERCIAL NAVIGATION
A documentation of the methodology applied in the asses
sment of the potential
benefit or loss to shipping, using the Great Lakes—St.
Lawrence navigation system,
as a consequence of changes in lake level regimes and
the evaluation of the
economic effects on navigation of regime changes that w
ould take place under
selected regulation plans.
APPENDIX F - POWER
A documentation of the methodology applied in the asses
sment of the effects of
regulatory hydroelectric power production at installations
on the outlet rivers
of the Great Lakes and of the detailed evaluation of th
e economic effects of
selected regulation plans on the capacity and energy output
of these installations
in terms of the costs to the associated power systems.
APPENDIX C — REGULATORY WORKS
A description of the outlet systems of the lakes,
problems to be faced in providing
new regulatory facilities at the outlets, site invest
igations carried out, design
criteria and methods used, environmental factors considere
d, and design and cost
estimates of engineering works required for selected regulation plans
.
D—xii
 Section 1
INTRODUCTION
1.1 General
By the terms of the Reference of October 7, 1964, the Governments
of Canada and the United States requested the International Joint
Commission "... to determine whether measures within the Great Lakes
basin can be taken in the public interest to regulate further the
levels of the Great Lakes or any of them and their connecting waters
so as to reduce the extremes of stage which have been experienced, and
... for the purpose of bringing about a more beneficial range of stage
for, and improvement in: (a) domestic water supply and sanitation; (b)
navigation; (c) water for power and industry; (d) flood control; (e)
agriculture; (f) fish and wildlife; (g) recreation; and (h) other
beneficial public purposes". The International Great Lakes Levels
Board was established by the International Joint Commission on
December 2, 1964, to initiate and direct the studies required to
answer the Reference.
This Appendix forms part of the Final Report of the International
Great Lakes Levels Board to the International Joint Commission, dated
December 1973. It deals With fish, wildlife and recreation interests
concerned with Great Lakes water levels, and reports on studies designed
to provide a basis for the selection of regulation plans giving ranges
of stage more beneficial than existing base conditions.
1.2 Organization
The International Great Lakes Levels Board set up a Working
Committee on January 6, 1965, to assemble the data, organize field
activities and conduct the studies necessary to answer the Reference.
To carry out its responsibilities, the Working Committee established
Subcommittees for each of the major phases of the study.
The Shore Property Subcommittee was established by the Working
Committee in July 1965. During the course of the study, ad hoc groups
were established by the subcommittee to carry out investigation in the
following areas:
(a) Wildlife
(b) Erosion and Inundation
(c) Evaluation of Shore Property Results
(d) Fisheries
A list of those people who have contributed to the work of the Subcom—
mittee and its ad hoc groups is provided in Annex A of this appendix.
 
 The investigation of recreational boating activities was carried
out by the Navigation Subcommittee. A Recreational Boating Ad Hoc
Group assisted in the collection and assessment of the effects of
water levels on this recreational activity. The persons who contri-
buted to the work of the Navigation Subcommittee and its ad hoc
group are also listed in Annex A.
1.3 Procedure of Study
The overall study under the Reference had two broad phases. The
first consisted essentially of data collection and the development of
methods, including the mathematical modeling of the Great Lakes-St.
Lawrence system, for evaluating the economic and hydrologic effects
of regulation. The second phase of the study involved the formulation
of objectives, regulation plans to meet these objectives, the engi—
neering and cost estimation of required control facilities, and the
hydrologic, economic and environmental evaluation of selected regula—
tion plans. For the purposes of this report, "hydrologic evaluation"
of a regulation plan means appraisal of its effects upon the levels
and flows of the lakes and their connecting channels; "economic
evaluation" means estimation of dollar benefits and losses accruing
to the various interests; and "environmental evaluation" means assess—
ment of non-quantifiable or intangible effects such as aquatic ecology,
aesthetics and man's social well-being.
In evaluating the effects of regulation on the various interests
concerned with Great Lakes levels and outflows, the major interests
were grouped into four categories: shore property; fish, wildlife
and recreation: commercial navigation; and power. This appendix deals
with the assessment of the effects of changes in lake levels and flows
on:
1. fishery spawning and feeding areas in the lakes and
connecting rivers;
2. wetland habitat areas available for aquatic animals and
Wildfowl; and
3. I recreation beaches, and boating.
In the first phase of the study, monthly water supplies were
determined for each lake for the 68—year period 1900 through 1967.
Using these supplies, a basis—of—comparison, consisting of water
levels and flows covering 68—years, was computed for each lake using
the mathematical model of the lakes and assuming Lakes Superior and
Ontario to be regulated in accordance with the current operating
plans and the diversions into and out of the basin at constant rates
(see Appendix B, Lake Regulation). The levels and flows resulting
from further regulation were then evaluated with respect to this
basis—of—comparision.
 The study has been organized and developed to provide a basis
for the selection of a regulation plan giving a more beneficial
range of stage than the existing base condition. In this determi—
nation the following general assumptions have been made with regard
to the development of regulation plans and their evaluation:
(a) Project Economic Life: For the purposes of analysis,
a project economic life of 50 years has been assumed.
(b) Interest and Discount Rates: An interest rate of 7%
was used to evaluate benefits and costs in the development
of regulation plans. Additional calculations can be car-
ried out for the purposes of a feasibility analysis to show
the implications of using alternative discount rates. For
separate national evaluations appropriate studies may be
developed using interest rates which conform to those em—
ployed in the review of other national programs. For pur-
pose of this study a common dollar value was used for
Canadian and United States evaluations.
(c) The price-levels used were those in effect in 1971.
As part of this study, thorough surveys were made of the en-
tire shoreline of the Great Lakes and connecting waterways, includ-
ing the St. Lawrence River as far as Trois Rivieres, Quebec. Task
Forces were set up and the shoreline was divided into reaches.
Basic data collected included a complete inventory, shore profiles,
shore materials, sampling and testing, physical data on all struc—
tures, rates of erosion, wind and wave statistics, etc. The analyses
of these data involved some theoretical consideration of statistical
hydrologic data on the frequency and duration of lake levels. Since
the assessments were completed prior to 1972, evaluations of the high
water conditions occurring in 1972-73 have not been included in this
Appendix.
The amounts and dates of damages to commercial fishing facilities
due to extreme high or low lake levels were obtained from field inter-
views, shoreline data sheets from the 1966-67 inventory survey and
data from the Corps of Engineers report entitled "Water Levels of the
Great Lakes,” dated December 1965. Also, a group of fishery biologists
and administrators knowledgeable on the Great Lakes area was contacted
and responded to a questionnaire with regard to lake levels and fish
stocks.
The determination of economic benefits and losses to recreation
beaches is based on an inventory and evaluation of public and commercial
beaches in the United States and in Canada.
Surveys were carried out in 1967—68 to establish the number and
types of recreational boats in use on the Great Lakes system. As part
of the survey, questionnaires were circulated and interviews were held
with boat owners in order to obtain their views on desirable lake levels.  
  
Methodologies were then developed from the data and used to
evaluate, where applicable, the effects of selected regulation
plans on fish, wildlife and recreation interests.
It became evident, early in the levels study, that methodologies,
which would express the effects of further lake regulation in eco—
nomic terms, could be developed with relative ease for such inter—
ests as commercial navigation and power generation because of the
commercial nature of the commodities involved and the well-estab—
lished methods already used by theSe interests for project evalua-
tion and justification. It has not been possible to develop cor-
respondingly precise methods of evaluation for the regulation
effects on other interests, such as those involving fish and wild—
life habitat and recreation beaches, which are not fully commer-
cialized. Also, it was recognized that the effects of lake regu—
lation on certain interests, such as the fisheries interest, in
the Great Lakes-St.Lawrence system could not be evaluated in economic
terms owing to the intangible nature of the benefits or losses involved.
To express regulation effects in terms of dollars for as many
interests as possible, the present study has developed approximate
methodologies for economic evaluations in some of these abstract
areas. The primary purpose in developing such methodologies was
to develop a common base for comparison of the benefits and losses
of various alternate plans of regulation and to assist in the selec-
tion of the most promising plans.
An economic evaluation of a regulation plan was made by calcu—
lating the dollar effects of a given water level and outflow regime
on each interest, first, under the existing condition which in
this study is represented by the basis-of-comparison, and second,
under the plan of regulation which is to be evaluated. The differ-
ence between these two values is a measure of the benefit to be
derived from the regulation plan. Because of the immense size of
the Great Lakes-St. Lawrence system, the economic value of any given
regime of water levels and outflows on the various interests (shore
property, navigation or power) is in the tens of millions of dollars
per year, depending on the interest considered. However, since the
system already is relatively well regulated, both naturally and under
the existing regulation procedures employed on Lakes Superior and
Ontario, the possible net benefits resulting from further regulation
are relatively small, and may be substantially less than a hundred
thousand dollars per year depending on the interest. The significance
of such marginal improvement, represented by a small difference between
two very large values, is consequently subject to a high degree of
uncertainty.
D-4
It is recognized that there are great difficulties in obtain-
ing a precise economic evaluation of regulation effects on the
Great Lakes—St. Lawrence system. However, certain changes in the
outflow and water level pattern for the system could be beneficial
for certain interests. For example, a reduction in the frequency
of extreme high levels would reduce recreation beach damages
even though the dollar effect of the benefit is difficult to deter-
mine precisely. Accordingly, it is possible to make an evaluation
of the effects in these areas by comparing stage-duration and
flow-duration curves prepared for the basis-of—comparison with
those prepared for the regulation plan. The effects of regulation
were evaluated with regard to the physical changes produced in the
water level and outflow patterns as requested by the terms of
Reference. Where possible, these effects are expressed as approxi—
mate economic values based on the best methodology that could be
devised.
1.4 Prior Studies
The most significant prior study was that conducted by the
U. S. Army Corps of Engineers entitled "Water Levels of the Great
Lakes - Report on Lake Regulation". The results of that study were
published in December 1965, and have been drawn upon in developing
recreation, beach and wildlife methodologies.
D-5
 
  
Section 2
FISHERIES
2.1 General
The purpose of this section is to define the problems and
sensitive areas of the Great Lakes fishery resources resulting
from further regulation of lake levels by artificial means. It
also indicates remedial measures which might be taken to relieve
adverse environmental effects which might arise from further regu-
lation or to enhance the existing resource. A further purpose of
this section is to set forth desirable regulation objectives thatshould result in minimal damage to all aquatic habitat.
A remarkable feature of the Great Lakes drainage basin is
that the water surface covers about one—third of the total basin
area. A map of the Great Lakes drainage basin is shown on Figure
D-l. The physical characteristics of the Great Lakes and their
outflow rivers are described in the following subsections.
2.1.1 Lake Superior
Pertinent Physical Description: Lake Superior is the largest
of the Great Lakes in terms of area (31,700 square miles) and depth
(1,333 feet maximum depth) and its surface averages 600 feet above
sea level (see Figure D—Z). It discharges about 74,000 cubic feet
per second (cfs) through the St. Marys River which drops 22 feet in
its course to Lake Huron. Most of the drop is at the control
structure and rapids at Sault Ste. Marie.
Lake Superior lies almost entirely within the Precambrian
Shield, where granite rocks form a steep and rugged shore along
most of the north side. Three large indentations on the north
shore, Thunder Bay, Black Bay and Nipigon Bay, named from west
to east, and Whitefish Bay at the east end provide small boat
shelters and sustain important fisheries. Much of the south shore
is less steep. Its contours are softened by overriding glacial
drift. The exposed rock is of sedimentary origin as in the
Munising-Keeweenaw areas, and the Apostle Islands.
The lake level is regulated artificially by the use of the
l6-gate compensating works plus the water discharged by the
power and navigation canals at Sault Ste. Marie, Michigan and
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Ontario, directed by the International Lake Superior Board of Con—
trol. Under the "1955 Modified Rule of 1949" a minimum of one-half
gate is to be maintained at all times during the periods of low flow.
Lake Superior has been regulated since 1921.
Precipitation over the Lake Superior basin averages 29.7 inches
annually with extremes of 38 and 24 inches. In the winter
period ice usually covers from 40 to 60 percent of the water surface.
Water levels in Lake Superior show a mean annual fluctuation of
about 1.1 feet, the low occurring usually in March and the high in
September. The maximum seasonal fluctuation has been 1.95 feet.
Long4term extremes of mean monthly recorded levels vary from 602.06
feet in August 1876 to 598.23 feet in April 1926.
Natural inflow from the drainage basin has been augmented by
an average of about 5,500 cfs from the Long Lake and 0goki diversion
projects which commenced in 1939 and 1943, respectively.
Fishery Resource: The earliest fisheries on Lake Superior were
for lake trout and whitefish. These species dominated the production
prior to the start of the present century. Now lake herring and
chubs are more important while whitefish and lake trout have declined
(Table D-l). Until the 1950's there was very little change in
fishery catch at which time, as a result of the invasion of Lake
Superior by sea lamprey in the 1940's, there was a catastrophic de—
cline in the lake trout fishery and led to secondary events which now
determine the composition and yield of fish stocks. Since 1962 the
catch of lake trout has been limited to the numbers required to pro-
vide biological information to'the management agencies. Fishery
Production Statistics do not reflect true abundance of the species.
Hatchery reared lake trout now form a large percent of the trout
population. While abundance has risen to levels comparable in some
areas to that of pre-lamprey days, natural reproduction has not yet
reached the point where the trout are self-sustaining.
Introduction of exotic species such as coho and chinook salmon
have not yet added significantly to the overall fish stocks. Future
success of the sport and commercial fisheries for salmon and trout
will depend on the degree to which lamprey can be controlled, the
ability of lake trout to become self—sustaining, and the future policies
of management agencies with regard to plantings.
Ecological Aspects: Lake Superior, a typical oligotrophic lake,
has the lowest content of dissolved and suspended solids and, con—
sequently, has the greatest clarity of any of the Great Lakes. Total
dissolved solids have remained between 59 and 60 parts per million
and objects are visible at depths of 35 to 40 feet. Lake Superior
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has changed very little since the white man came. Diversions such
as the Ogoki and Long Lake Projects may have had an impact on the
water quality of receiving basins, but no data are available.
At the present, pollution is not unknown in Lake Superior but
it is minimal and local in extent. Several paper companies on the
north shore and a mining company in Minnesota are the major sources
of waste input. Changes in level which expose waste deposits to
wave action would have a detrimental effect on local ecology if
there were widespread siltation of fish spawning and feeding areas.
In other respects, changes of water level or increased fluctu—
ations of level, within the range proposed in the developed regula-
tion plans would have little general effect on fish habitat, particu-
larly on the relatively steep north shore. Appendix B, Lake Regulation,
presents detailed descriptions of the developed regulation plans.
On parts of the south shore, particularly the areas of low relief
such as Wisconsin's Chequamegon Bay area, significant increase in
fluctuations in level could subject large littoral areas to drying
or inundation with consequent loss of productivity.
Some tributary streams with low gradients near their mouths
could be affected, with detriment to existing sport fisheries, by
changes in level which would alter flow patterns in spawning or
feeding areas. In the open lake, fluctuations of level within the
limits of historically recorded ranges would have little effect on
fish.
Specific Problem Areas: The generating capacity of the three
hydroelectric developments (two U.S. and one Canadian) on the St.
Marys River utilize a head of approximately 18 feet at Sault Ste.
Marie. The ideal situation with respect to power generation under
high demand conditions would be to maximize the head and minimize
level fluctuations. Raising Lake Superior's level without con—
current change in tail—water conditions would achieve part of this
aim. Interlake commercial navigation passing through the St. Marys
River would also benefit from higher lake levels since it would
permit greater draft loading. Fish production and angling in the
St. Marys Rapids area, however, would benefit most from steady
flows through the Compensating Works in the range of flOWS, from
about 20,000 to 30,000 cfs. Under the present operating proce—
dures of the regulation plan designed to meet the criteria set out
in the Orders of Approval of 1914, the flows through the St. Marys
Rapids reach are, at times, equivalent to the flow through 1/2
gate of the Compensating Works. Primary biological productively
and fish reproduction in the international rapids suffer from
fluctuations in level and excessive volumes of flow.
D-ll
  
  
Excessively high levels and rapid fluctuations in flow may also damage
shore installations. There are conflicts in the St. Marys River
between power and navigation interests on the one hand and fishery
management agencies and shore property owners on the other, in the
sharing of the water and in changing the flow rates.
No specific problem areas appear to exist in tributary streams
or open waters with respect to lake levels. Potential problems
may exist in certain littoral areas associated with waste outfalls,
particularly in the case of the mine tailings in Minnesota waters
as mentioned previously under subsection Ecological Aspects.
The St. Marys River Rapids and the Sault Ste. Marie Harbor are
adversely affected by rapid changes in water levels resulting from
too sudden a change in the gate settings in the Lake Superior
Compensating Works. During the 1971 study period, levels in the
lower harbor varied by about one foot when the gate settings were
decreased to a minimum rapids flow.
In Whitefish Island Channel, suddenly decreasing levels entrap
rainbow and brook trout in isolated pools that become stagnant and/or
eventually dry up. On the Canadian side of the St. Marys River Rapids,
main channel pools do not form as the water level drops because there
is a gradual slepe. However, the forage fish that are present are
species that are normally found on or near the bottom and consequently,
they become entrapped in cracks and crevices in the rocks and boulders
when the level falls. Once the boulders are exposed, the area
rapidly drains and dries up, resulting in desiccation and destruction
of this important sector of the food chain of desirable sport fishes.
The effect on the benthic organisms although serious is less
obvious than the effect on forage fish which are so abundant in the
St. Marys River Rapids. Some of these are sedentary and they cannot
escape the receding water; however, some forms are capable of rela-
tively rapid migration and with slowly declining levels they can
escape to suitable habitat. There are other benthic organisms, as
the case—bearing caddis fly larvae that are capable of slowly moving
from one area to another. These would be benefited most by slow
changes to the gate settings.
It is not possible, at this time, to state what sequence of gate
changes, or what rate of gate changes should be followed. These fac-
tors could be determined in a study similar to that performed in the
St. Marys River Rapids during mid-summer 1971. See Subsection 2.6.3
for more detailed discussion.
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Siltation is also a problem in the St. Marys River. This is
caused by wind action, current patterns, and by boat passages. Silta—
tion is increased by extreme high flows causing bank and substrate
erosion, and this may be more severe during periods of extreme ice
conditions. During periods of low flows, ship passages will increase
turbidity, affect the area of siltation and cause a redistribution
of the benthos and increased mortality to the benthic organisms.
In tributary streams, open waters, and littoral areas, small
fluctuations do not seem to result in any problems. At least no
specific problems have been identified at this time.
Desirable Regulation Objectives: To facilitate spawning of
northern pike (shallower areas) and walleyes (rocky rubble areas) in
the St. Marys River, and to ensure safety of egg and larval fry, the
water levels should be stable during the period between mid-April to
the end of May. The fry require approximately two weeks to absorb
their yolk sacs, and stable flows or gradually increasing flows would
be acceptable. Sufficient flow in the rapids area should be provided
to maintain suitable habitat for aquatic fauna.
2.1.2 Lake Huron
Pertinent Physical Description: Lake Huron exceeds Lake Erie
in proportion of water less than 20 feet deep. Such waters occupy
9.1 percent of its area. The long shoreline (3,830 miles) relative
to the area of the lake (23,000 square miles) and the gradual slope
of the eastern shores account for a high proportion of very shallow
water (see Figure D-3). The maximum depth of the lake is 750 feet.
Water levels in Lake Huron show a mean annual fluctuation of 1.1
feet. The maximum seasonal fluctuation has been 2.2 feet. The
long-term extremes of mean monthly recorded levels vary from
581.94 to 575.35 feet.
Streams entering Lake Huron generally have similar characteristics;
i.e., their lower reaches in the vicinity of the lake are of a rela-
tively shallow gradient and spread out over a wide area as they enter
the lake. The littoral zone along northern Lake Huron is similar to
that of northern Lake Michigan in that it is fairly extensive with
larger areas of sand and gravel expanses, interspersed with large
rocks and boulders.
Fishery Resource: Lake Huron has a long history of use by anglers
and commercial fishermen and both interests are expected to continue
to share the resources. Considerable quantities of fish have been
removed by anglers, but statistics on these quantities are not available.
A recreational fishery for lake trout existed while these fish were pre—
sent in the lake. Since the decline of this species to virtual extinc-
tion in Lake Huron, the sport fishery has become primarily inshore for
D—13  
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rainbow trout, bass, pike, walleye and perch. The biological base
for these inshore activities remains strong in most areas. The
future is expected to bring the return of a deep water angling
fishery based on splake and various species of trout and salmon.
Angling effort in the more protected bay and island areas is
certain to intensify.
Historically, the commercial fisheries of Lake Huron were
based largely on lake trout and Whitefish. Together these two
species comprised about 70 percent of the catch which was in the
order of 20 million pounds annually before 1940 (combined United
States and Canadian catches). By 1960 the lake trout had all but
disappeared in the face of lamprey predation. The whitefish and
herring declined, but have remained at commercially harvestable
levels.
Over the past two decades, walleye and chub have received in—
creased attention. Recently stocks of the latter species have
dwindled for reasons thought to be related to the earlier invasion
of the lake by alewives. Suckers and yellow perch form a signifi-
cant part of the catch, particularly in United States waters.
Rehabilitation efforts which include the chemical treatment
of lamprey spawning streams and the stocking of splake and rainbow
trout in Canadian waters and salmon, splake, rainbow trout, lake
trout, browu trout, coho and Chinook in United States waters should
improve the biological base for the fisheries. Even allowing for
increased recreational use of the resource, a future commercial
production of between 6 and 8 million pounds is not unreasonable.
In the United States waters the order of importance for sport and
commercial species of fish in the past, present, and future is as
follows:
Sport ‘Commercial
PAST Lake trout Lake trout
Yellow perch Whitefish
Walleye Herring
Smallmouth bass Walleye
Yellow perch
Chub
Ch. catfish
Sturgeon
Northern pike
Rainbow trout
Brown trout
 £2955. Commercial
 
PRESENT Yellow perch Yellow perch
Smelt Whitefish
Northern pike Carp
Walleye Ch. catfish
Ch. catfish Suckers
Trout Smelt
Coho salmon Lake herring
Chinook salmon
Lake trout
Suckers
FUTURE Lake trout Whitefish
Yellow perch Yellow perch
Coho salmon Lake trout
Rainbow trout Smelt
Brown trout Carp
Chinook salmon Suckers
Walleye
Northern pike
Smelt
Herring
Ch. catfish
Suckers
Ecological Aspects: The control works in the St. Marys River
at Sault Ste. Marie act as a barrier to the upstream movement of fish
(refer to St. Marys River Rapids Study). There is no such obstacle
in the St. Clair River, and fish move freely between Lake Huron and
Lake St. Clair. The appearance of walleye in Lake Huron, which
earlier were tagged while on a spawning run in the Thames River,
suggests that the southern Lake Huron walleye stock may derive some
of its support from reproduction in Lake St. Clair tributaries. Any
impedence to their migration should be avoided.
Those fish in southern Lake Huron which have been found to have
high mercury levels presumably acquired these levels while in the
St. Clair River or Lake St. Clair. Thus, it would appear that white
bass and freshwater drum also enter the St. Clair system on occasion.
Extreme low water levels may be detrimental to fish life by the
fact that feeding or spawning runs in and out of these tributary
streams may be blocked.
The shallow bay and island areas of Lake Huron, which receive
a high percentage of the total angling effort, stand to be more
affected by changing water levels than the remainder of the lake.
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This includes the northern, eastern and southeastern shores of
Georgian Bay, the western shore of the Bruce Peninsula and parts
of the North Channel. In Sturgeon Bay, Matchedash Bay, Penetang
Harbor, Waubaushene Channel and the eastern shore of Georgian Bay,
there are many places where depths of 12 feet or less occur fre-
quently, the difference between high and low water levels repre-
sents a significant change in the total depth. Lower levels in
this type of situation would lessen the amount of suitable habitat
for fish and leave many areas unsuitable for angling.
In the above areas, water level is a factor affecting access
to fishing areas. While new hazards to the boating angler undoubtedly
are created in island and shoal areas when water levels rise, the
net effect of an increase in depth generally is a reduction in boat-
ing hazards. In this respect, a high, more stable water level is
preferred as it allows anglers to become familiar with the location
of submerged obstacles. Thereafter they can move more freely.
It is generally considered that higher water levels tend to
enhance spawning habitats, particularly for northern pike.
Extreme low water levels would expose extensive shallow areas
along shorelines. This could result in substantial reduction in
fish spawning area, as well as a drastic reduction of basic food
productivity which is normally associated with littoral zones. High
levels would pose no problem.
Specific Problem Areas: Low water levels may cause some problems
within tributary streams, specifically with the Rifle and Tawas Rivers.
Fish passage and navigation by boats would be affected in these streams.
There are no specific open-lake problem areas identified. How-
ever, it is suspected that shoal areas along the north shore in Georgian
Bay, and possibly in Saginaw Bay, could be exposed by low levels with
detriment to their productivity and danger to boating.
Low levels would affect littoral areas in Saginaw, Tawas, Thunder,
and Hammond Bays, and around the Les Cheneaux Islands.
Desirable Regulation Objectives: Fisheries interest would best
be served by the maintenance of a high water level with seasonal
fluctuations no greater than existing. It also would be desirable to
eliminate the extreme lows because of detrimental effects on boating
and fishing.
If construction of any works is undertaken in the Lake St.Clair
complex, these structures should not inhibit the migration of fish
within the system and where possible should be located so as to mini—
mize the effect on biologically productive habitats. The spoils from
any dredging that may be necessary should be disposed of on land.
Any dumping in southern Lake Huron could be expected to disrupt the
gillnet fishery for Whitefish as this species avoids water areas of
high silt load.
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2.1.3 Lake Michigan
Pertinent Physical Description: With a surface area of 22,300
square miles, Lake Michigan is the third largest of the Great Lakes.
Its length is 307 miles, maximum width 118 miles, and greatest depth
923 feet. Its southern half contains a regularly contoured basin
with a maximum depth of 500 feet, while the northern half has a more
rugged bottom and numerous islands. Green Bay on the northwest and
Grand Traverse Bay on the northeast shores are the principal embay-
ments. A map of Lake Michigan is shown on Figure D—4.
The Straits of Mackinac, connecting Lakes Michigan and Huron,
provide a broad and deep (varies to more than 200 feet) connection.
The average water level of these two lakes is about the same. The
diversion out of Lake Michigan at Chicago, which is governed by the
United States Supreme Court decree dated June 12, 1967, effective
March 1, 1970, has been limited to an average of 3,200 cfs annually,
including domestic pumpage.
The bedrock underlying the Lake Michigan Basin (chiefly dolomite,
shale and some sandstone of the Paleozoic Era) is mostly overlain by
glacial drift around the shores. Owing to the prevailing westerly
wind, extensive dunes are behind the sand beaches of the southern and
eastern shore. There are very few dunes on the west side of the lake.
The combined effects of wind and wave action contribute to a
characteristic current pattern at the mouths of many streams. Shift—
ing sand bars frequently divert the outflowing waters along shore
or may shut them off temporarily.
In the northern section of Lake Michigan from Green Bay to the
Straits of Mackinac, there are many rocky shoals.
Fishery Resource: Historically, the fishery in Lake Michigan was
based on lake trout, herring and whitefish. These species dominated
the catches until the mid—1940‘s when the effects of sea lamprey preda-
tion became noticeable. The average weight of the total catch (about
25 million pounds annually) has remained virtually unchanged until the
present; however, species composition, and hence its landed value,
has changed drastically. Nearly all of the traditional species (in—
cluding lake trout, herring, whitefish, suckers, chub and yellow
perch) have declined and been replaced by low—value species such as
carp, smelt and alewife.
Recently introductions of hatchery—reared lake trout and Pacific
salmon have contributed significantly to the rapidly developing sport
fishery. In the future, continued introductions of various trout
and salmon Species will play an increasing role in maintaining the
sport fishery, while strict management, together with control of the
sea lamprey, should help to rehabilitate a commercial fishery based
on more valuable species such as whitefish and chub.
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Figure D-4
LAKE MICHIGAN
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 The species of sport and commercial fish ranked in order of importance
for the past, present and future are as follows:
PAST
PRESENT
FUTURE
Ecological Aspects:
‘Sport
Smallmouth bass
Walleye
Yellow perch
Lake trout
Northern pike
Herring
Coho salmon
Lake trout
Steelhead
Chinook salmon
Smallmouth bass
Yellow perch
Northern pike
Walleye
Brown trout
Smelt
Lake trout
Coho salmon
Yellow perch
Smallmouth bass
Rainbow trout
Brown trout
Chinook salmon
Northern pike
Atlantic salmon
Commercial
Lake trout
Whitefish
Herring
Chub
Yellow perch
Walleye
Suckers
Northern pike
Chub
Whitefish
Alewife
Smelt
Lake trout
Suckers
Whitefish
Chub
Smelt
Suckers
Low water levels adversely affect the
natural feeding and/or spawning movement of fish in and out of
tributary streams.
Fluctuating water levels are of little concern in the open lake
with the exception of shoals which do occur in certain areas (e.g.,
Beaver Island, Sturgeon Bay and Green Bay).
The littoral areas of the lake are very important in relation to
water levels. Such zones contribute significantly to the fishery
resources as nursery, feeding, and spawning areas. The sport fishery
is also concentrated in this area.
enhance the above fishery aspects by flooding marshes and other low-
lying shoreline areas.
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High water levels, in general,
Specific Problem Areas: There were no specific problem areas
identified during the study.
Desirable Regulation Objectives: Fisheries interest would best
be served by the maintenance of a high water level with seasonal
fluctuations no greater than existing. It would be desirable to
eliminate the extreme lows because of detrimental effects on boating
and sport fishing.
2.1.4 St. Clair River, Lake St. Clair and Detroit River
Pertinent Physical Description: Lake St. Clair is characterized
by its extremely shallow depth averaging 10 feet, with a surface area
of 400 square miles (see Figure D-S). Its greatest natural depth is
about 23 feet. The artificial navigation channel between the St.
Clair and Detroit Rivers is maintained at about 27 feet in depth.
Because of its shallowness, light penetrates to the bottom and
no thermal stratification occurs. In winter the lake is mostly ice
covered from January to March, except for the central portion near
the navigation channel. Wind action during open water periods main—
tains oxygen at saturation levels and influences turbidity, particu-
larly inshore.
In shallow, inshore areas like Anchor Bay and Mitchell Bay,
minor winter—kills of fish occur when ice freezes to such a depth
that fish are trapped in the ice or in oxygen depleted water. The
water contains high levels of dissolved solids, over 200 ppm. Nutri—
ents are contributed from municipal, industrial and agricultural
sources along the shoreline of the lake as well as the St. Clair,
Sydenham, Thames, and Clinton Rivers.
Numerous smaller tributaries in Ontario and Michigan contribute
high amounts of dissolved and suspended solids to inshore areas.
The St. Clair River inflow to Lake St. Clair averages about
187,000 cfs. The river divides into different branches before
entering the lake and the flow is not evenly distributed among
them. The main branches of the river and their average discharges
are: North Channel with 99,200 cfs, South Channel with 78,500
cfs, Chenal Ecarte, 9,300 cfs and Chematogen Channel with less
than 1 percent of the flow. The North Channel has two branches:
North Channel (61,800 cfs) and Middle Channel (37,400 cfs). The
South Channel has three branches: Southeast Bend (33,600 cfs),
St. Clair cut-off (37,400 cfs) and Bassett Channel (7,500 cfs). The
flow through the lake prOper tends to follow the dredged navigation
channel.
The Sydenham River also contributes to the Chenal Ecarte.
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Before dredging of the navigation channel and construction
of the St. Clair cutoff, higher flows existed than at present in
the subsidiary channels.
The current pattern of the lake is complex and inadequately
studied, being influenced by wind direction and velocity, as
well as by input from rivers, streams and channels.
The west and south shores of the St. Clair River, Lake St.
Clair and Detroit River are heavily populated (e.g., Detroit, Mount
Clemens, Windsor, Tecumseh) and virtually no area of shoreline
along these shores is in a natural state because of municipal,
industrial or residential developments. The northwest shoreline
(Anchor Bay) is also heavily populated. However, most of the
east and north (delta) shoreline in Ontario is privately controlled
marsh or Indian reservation (Walpole Island).
Fishery Resource: Until 1970, and the discovery of mercury
contamination in fish in the Lake St. Clair area, a large and in-
creasing sport fishery and a stable commercial fishery in Ontario
waters coexisted without apparent competition. As a result of
unacceptable mercury levels, the commercial fishery ceased opera-
tions in March 1970, and it is not known when operations will re—
sume. From 1961 until 1970, commercial landings varied from about
300,000 to 1 million pounds at an annual value of $200,000 —
$300,000. Traditionally, carp, walleye, catfish, panfish, and
suckers have been the important commercial species. Commercial
baitfish industry in Ontario waters has an annual value in excess
of $200,000.
With a population adjacent to the Michigan shoreline in excess
of 3 million (Detroit, Mount Clemens and vicinities), and to the
Ontario shoreline of over 1/2 million (Windsor, Chatham, Sarnia
and vicinities), the sport fishery on Lake St. Clair, the St. Clair
River and the Detroit River is one of the largest in the Great
Lakes area. Important sport species taken include perch, walleye,
smallmouth and largemouth bass, panfish and maskinonge. Data from
an intensive creel census in Michigan waters of Lake St. Clair in
1966 and 1967 give estimates of 0.6 and 1.9 million man—days and
harvest of 2.4 and 7.9 million fish for the respective years. In
Ontario waters of the lake, conservative estimates of fishing
activity are 1 million angler days and of harvest are about
7 million fish (approximately 2 million pounds) annually. Although
fishing activity and harvest were curtailed significantly in 1970
after the discovery of mercury in fish, angling activity and harvest
appeared to be returning to normal in the summer of 1971.
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The future of the sport fishery on Lake St. Clair indicates
continued increase in numbers of anglers and harvest of fish.
With advent of more leisure time and higher standards of living,
fishing pressure will increase.
A high population center in proximity to a fishery with
excellent productivity of highly desired species makes Lake St.
Clair a unique and valuable fishery resource. Studies of the
economic, social and recreational value of the fishery are needed.
Ecological Aspects: Dredging for regulatory works would de—
stroy benthic fauna and flora by physical removal of substrate and
by producing siltation downstream. Of particular concern would be
the disturbance of mercury concentrations of 200 — 2000 ppm near
Sarnia, Ontario.
In the channels of the delta area, depending on the exact
location, dredging could remove, or cause, siltation in the area
of a major spawning ground for sturgeon, a species on the endangered
list for many areas of North America.
The longer the period of construction the more serious the
impact on the environment unless siltation could be adequately
controlled.
Waste water effluent fallouts behind the structures may cause
water quality problems. Periodic flushing has been suggested to
clean out the polluted water, but this release of concentrated slugs
of pollutants would cause die-offs of downstream aquatic life.
Yellow walleye move in large numbers between Lake St. Clair and
Lake Huron. The Thames River, entering the southeast corner of
Lake St. Clair, provides a spawning area for a large part, perhaps
the majority, of walleye caught in the St. Clair River and lower
Lake Huron. A combination of physical blockage by structures
in the river and increased pollutant load in the navigation chan-
nels opposite the upper structures could detrimentally affect
fish migration. Fish could be trapped in quiet water areas behind
such structures or be repelled by pollutant concentrations in the
navigation channel.
At present, only in the Port Huron area, current velocities
occasionally reach speeds of four body lengths/sec. To fresh-
water fish (such as walleyes) of 18 inches or less, this represents
the upper limit of maximum sustained swimming speed.
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Major movements of walleye and other species occur between
Lakes Erie and St. Clair. These movements could be affected ad-
versely if existing flow patterns are changed.
Pollutants present a serious problem. If this continues in
the future, the frequency of low flows would increase pollutant
densities. Such increases would endanger fisheries.
The timing and closing of proposed flow-level gates are vitally
important to fishery preservation. Appendix G, Regulatory Works,
discusses the types of structure needed for the St. Clair River
for the several selected plans requiring structures.
The major tributary rivers are: the Thames, which flows into the
southeast corner of the lake; the Sydenham, which flows into Chenal
Ecarte in the delta area; and the Clinton, which flows from the West
shore into the lake at the south end of Anchor Bay. It is not
known what effect, if any, water level control would have on tribu-
taries, but since normal profiles are to be maintained on the St.
Clair-Detroit Rivers, it is expected that the changes will be minimal.
In the main basins of the Great Lakes, control of water level
would have little effect on the ecology in open water areas. HoweVer,
any control of of water levels in the upper Great Lakes would effect
major changes in numerous physical and chemical parameters of the
aquatic environment in Lake St. Clair. These may include changes in
flow, velocity, flushing rate, volume, current distribution, tempera-
ture regime and concentrations of dissolved and suspended solids
(particularly with reference to pollutant load). Because fish and
other aquatic organisms are adapted to the range of present conditions,
major alterations in environmental factors would affect the biological
makeup of the St. Clair complex.
Before any plan requiring regulatory works in the Lake St. Clair
area is proposed, further study would be required to ascertain the
interrelationships among the aquatic organisms and their physical
and chemical environments.
Shallow bays and adjacent marshes are particularly vulnerable;
for example, Anchor Bay, Goose Bay, Big Muscamoot Bay, St. Anne's
Bay and Mitchell Bay provide valuable spawning and nursery ground
for such fish as largemouth and smallmouth bass, maskinonge, pike,
panfish and carp. The gradient from shoreline to open water is so
gradual that a significant portion of the lake is flooded under
high water conditions and dry under low water conditions. Under
more stable conditions which could result from regulation, areas
which would never be flooded again would grow up with woodier plants.
For example, dense willow thickets would likely replace ferns. Silta-
tion would occur where woody species, bushes, and grass would take
hold. Substantial amounts of spawning and nursery areas could be lost.
  
 Any decrease in the flows through the North and Middle Channels
would reduce flows into Anchor Bay. Large shallow areas are flushed
by water from these channels. Decreased winter flows would increase
the probability of greater areas of ice freezing to bottom which
would increase fish kills. Decreased summer flows would allow buildup
of nutrients, oxygen-consuming chemicals, and pollutants because of
reduced flushing action. However, an increased flow during these
critical periods would provide significant benefits. Similar damages
or benefits could be expected in other delta areas.
 
Specific Problem Areas: In the St. Clair River, low flow areas
behind control structures could restrict fish movement in waters with
a high pollution load. Periodic flushing of these poor quality waters
could cause a die-off of aquatic organisms downstream. Increased
velocities and pollutant concentration in the navigation channels
opposite the upper structures could interfere with fish movements. Ex—
cavations for structure sites in the North and Middle Channels could
destroy sturgeon spawning grounds.
In the Detroit River, physical interference by structures, or
increased pollution concentration in open channels could disrupt move-
ments of fish between Lake Erie and Lake St. Clair.
In Lake St. Clair, the effect of structures in the North and
Middle Channels on Anchor Bay would reduce the flushing rate, increase
pollutant concentration, and increase probability of winter fish kills.
Construction of a gated structure could have detrimental effects on
the Anchor Bay fishery.
In marshes and shallow bays, stabilization of water levels over many
years could lead to succession of woodier plant species, increased silta—
tion, and gradual filling in of waters important as spawning and nursery
areas.
Desirable Regulation Objectives: If any plan for water level
' control is approved, manipulation of water flows should ensure that
environmental physical and chemical parameters do not exceed ranges
to which fish and other aquatic organisms can adapt.
In the St. Clair River and Detroit River, for instance, sufficient
flows behind structures are required to maintain oxygen levels above 5
ppm and to dilute numerous pollutants to levels which are not harmful
to aquatic life. Also in the navigation channels, velocities would have
to be held lower than the maximum sustained swimming speeds of local
fish populations. ’
Flow into shallow productive bays, such as Anchor Bay, should not
be decreased significantly below present levels.
To ensure continued existence of important shallow water areas and
marshes, range of levels on the lake should not be reduced to such a
degree that lack of variation causes vegetation changes and increased
siltation, leading in turn to filling in of these areas.
2.1.5 Lake Erie and Upper Niagara River
Pertinent Physical Description: Lake Erie is fourth in size
among the Great Lakes. It is 241 miles lOng with a maximum width
of 57 miles and a surface area of 9,900 square miles (see Figure
D—6). It is the shallowest of the Great Lakes with over 90 percent
of its total area less than 80 feet deep. Summer surface temperatures
are frequently above 75° F.
The Detroit River inflow to Lake Erie averages 189,000 cfs. The
Lake Erie outflow into the Niagara River averages 202,000 cfs, with
the Welland Canal and power complexes diverting an average of about
7,000 cfs. The New York State Barge Canal withdraws water from the
Niagara River near Tonawanda during the navigation season at a rate
of 1,100 cfs.
The Lake Erie western basin area has an average depth of 25 feet
and contains many shoals and islands. It is believed to be the spawn-
ing and nursery grounds for many lake fish species. It is also the
site of very extensive sport fishing, boating, and other recreational
activities.
This average depth of 25 feet, with untreated pollution inflow
from growing populated areas, is critical to preserving the natural
aquatic life.
Bottom current studies in the western basin show that most of
the Detroit River outflow goes east, but some flows directly south
and spurs wast to give clockwise gyres along the western lake shore.
The flow from the Trenton Channel contributes to this condition and
contributes to the water circulation in the area. Also part of the
Maumee River outflow, with its pollution, mixes with the Trenton
Channel discharge.
Fishery Resource: Early fishing in Lake Erie in 1830 was re—
stricted to the inshore areas of bays, rivers and marsh regions.
By the 18703, pound nets, gill nets, fyke nets and seines were
reported in use. Since 1930, gill nets, trawls and trap nets have
been the principal types of gear used.
No less than 17 fish species have been prominent in the com-
mercial landings since fishing began. However, over the years
there has been a changeover from numerous high value species to
abundant numbers of low or medium value fish. Until 1913, a fairly
stable production of sturgeon, cisco, whitefish and northern pike
was evident. The following list reveals the drastic species change
in the commercial fishery catches between 1920 and 1969. They are
ranked in decreasing order of abundance.
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1920 1969
Lake herring Yellow Perch
Blue pickerel Smelt
Carp Carp
Sauger Freshwater drum
Yellow perch White bass
Whitefish Yellow pickerel
Freshwater drum Channel catfish
Sucker Sucker
Yellow pickerel Goldfish
Channel catfish Bullhead
The total commercial catch in 1969 was 59 million pounds, con—
sisting mostly of perch and smelt. In 1970 the catch dropped to 42
million pounds, due in part to the mercury contamination problem.
Presently, the yellow pickerel is the only high value species
left and it is in serious decline. The Lake Erie fishery resource
is now principally dependent on the medium value yellow perch and
the low value smelt.
The introduction of Pacific salmon, coho, and chinook is an
attempt to utilize the species such as smelt, alewife, gizzard shad,
and emerald shiners as forage. This experiment is continuing. It
is not certain if these exotic species will be consistent in produc—
ing numbers or total weight which would sustain a desirable fishery.
Lake Erie sport fishing, in the past, has been carried on mostly
from shore installations and in bays. An offshore angling fishery
has not developed in response to the recent salmon introductions as
it has in the upper lakes. It appears that the future emphasis in the
sport fishery will depend upon the maintenance of the inshore fishery
and development of additional access.
The Upper Niagara River is an important area for fisheries. It
produces a variety of sport fish species (i.e. maskinonge, smallmouth
bass, etc.) which support a valuable recreational fishery.
Ecological Aspects: It has not been fully established if rais-
ing the water level will affect the overall water quality of the
lake. Reduced levels would likely cause an increase in the growth
of attached algae if the area of suitable substrate is increased.
Average concentrations of chlorides and other constituents,
present in only low quantities in the Lake Huron outflow could
become concentrated in the Detroit area. Greater variations in
the western Lake Erie basin are possible with controlled inflows
via the Detroit River.
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 Yellow pickerel, white bass, and yellow perch spawn and grow
in western lake shore shallows. Water quality in these areas would
deteriorate if toxic pollutants should increase by lowering of lake
levels.
Sand dune formations in northeastern Lake Erie (e.g., Long
Point) will continue to exist if the high and low water levels
over a number of years continue to produce alternate cycles of
deposition and erosion.
Controlled water level stabilization may produce erosion of
this formation, creating new siltation patterns which could endanger
fish spawning areas. Further studies are indicated.
All regulatory structures located in the Upper Niagara River would
pose a problem of transboundary pollution because contaminants origi-
nating from either shoreline would tend to concentrate in the center of
the river where mixing would occur. High pollutant loads in well mixed
waterways might prove lethal or repellent to certain fish species. Under
present conditions, fish in the Niagara River can find areas of relatively
unpolluted water which they can tolerate.
Specific Problem Areas: Proposed retarding of flows in the Trenton
Channel from the average flow of 36,000 cfs will definitely weaken
the circulation pattern in the western basin. This weakened action
may have some effect on the newly hatched walleye from the spawning
beds around the island region. It may also result in dried up marsh
areas at critical times of the year at Pte. Mouillee, La Plaisance
Bay, Brest Bay and Stoney Point. It is estimated that pollution
from the Maumee River may extend northward and eastward 25 to 30
miles and this condition may be expanded if Trenton Channel flows
are retarded under regulation.
Above Niagara Falls there is a fishery for various sport fishes.
With a major caddis fly population serving as an abundant food supply
for these fish, there is the possible detrimental effect on the caddis
flies of frequent changes in water flow and quality.
Frequent changes in water flow could also affect submergent vege—
tation in this region. Over-wintering waterfowl, especially canvas-
back, redhead and scaup are dependent on this vegetation as a major
portion of their food supply. Spawning and nursery grounds for small
mouth bass are in the shoal areas of the head of the Niagara River. A
control structure could reduce water velocities and affect current
distribution such that siltation may take place in these littoral regions,
possibly covering the spawning sites.
Desirable Regulation Objectives: If the Detroit River were con—
trolled by regulatory works, the timing of water releases would be
important to water quality for highly eutrophic areas such as the
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western end of Lake Erie. Highest pollution concentration in the
western basin would be at the beginning of spring, a critical time
for lake biota.
With reference to the Upper Niagara River it would be desirable
to limit water level fluctuation to the maximum extent possible,
particularly during the months of May and June, to protect the fishery
environment in this area.
2.1.6 Lake Ontario and St.Lawrence River (International Reach)
Pertinent Physical Description: Lake Ontario, the terminal
lake of the Great Lakes system, is the smallest in area and the
second smallest in volume (see Figure D-7).
In the western and central areas of the lake the inshore zone
drops off sharply into deep water, especially along the southern shore.
The eastern basin contains a number of shoals as well as a wider shallow
coastal shelf.
The average annual precipitation is 33 inches. Water leaves the'
lake via the St. Lawrence River, at the eastern end of the lake where
the average outflow is approximately 239,000 cfs (1860-1972).
Lake surface levels between 1860 and 1972 have averaged 244.77
feet in elevation; the maximum was 248.06 (1952) and the minimum
241.45 feet (1934). The annual range in level has varied from 0.7
foot to 3,5 feet,'with an average of 1.9 feet.
Regulation of Lake Ontario is carried out so as to maintain its
level within limits of 242.77 feet and 246.77 feet, as nearly as may
be, as defined in the International Joint Commission's Orders of
Approval of October 29, 1952 and July 2, 1956, which were approved
by the Governments of Canada and the United States. This regulation
is under the direction of the International St. Lawrence River Board
of Control.
Lake Ontario has been regulated since 1958 and the plan cur-
rently in use is Plan 1958-D. The regulation plan, in conjunction
with the increased discharge capacity provided in the St. Lawrence
River by construction of the power and navigation project, has pro—
vided for the reduction in the maximum level of the lake that would
have occurred under natural conditions. The plan has also provided
for the raising of the minimum level by 1/4 foot and the improvement
of levels below 242.8 feet during the navigation season.
The outflow from Lake Ontario discharges through the St. Lawrence
River, to the Gulf of St. Lawrence. For the first 67 miles through
the Thousand Islands area, there is a drop in surfaCe level of 1
foot at mean stage. The next 47 miles is the International Rapids
Section and has a change in elevatiOn of 92 feet. Below this point,
at the head of Lake St. Francis, the river flows within the boundaries
of Canada (see Figure D-8).
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Figure 0-8
ST. LAWRENCE RIVER, LAKE ONTARIO TO LAKE ST. PETER
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 In 1958 the Moses—Saunders Powerhouse was completed between
the shores at Cornwall, Ontario, and Barnhart Island, New York. This
structure together with Long Sault Dam created Lake St. Lawrenc
e which
extends upstream to Iroquois Lock and Dam. The lake is 28 miles long
and has a surface area of 34,000 acres, with a mean depth of 60
feet
and a maximum depth of 113 feet. No thermal Stratification occ
urs
in Lake St. Lawrence because of the turbulence of the flowing w
ater,
which also maintains adequate oxygen levels. Total dissolved
solids, alkalinity, pH and other chemical parameters appr
oximate
those of Lake Ontario waters. Turbidity, however, can be quite
high since the backwash from vessel passages causes erosion of
banks
and stirring of sediments.
The effect of wind and variations in barometric pressure over
Lake Ontario may raise or lower the water level at its outlet
in
excess of 2 feet. Peaking operations to meet electrical load demand,
and consequent variations in turbine water flow, cause fluctua
tions in
the level at the Moses—Saunders Powerhouse up to 0.8 foot. The comb
ined
effects of all factors which can be expected are as follows: At the
pOWer house a range of 9.0 feet in surface elevation can be expected
from a minimum of 235.0 feet to a maximum of 244.0 feet. The ex-
pectations for Prescott, Ontario, are a range of 6.0 feet from a
minimum of 240.0 feet to a maximum of 246.0 feet.
Fishery Resource: The first fisheries on Lake Ontario developed
with the early settlements in the area. Seine nets were employed
as early as 1807. These Were used along the beaches to capture
whitefish and trout. Sturgeon, herring and smaller whitefish were
destroyed when captured since they were considered undesirable.
These fisheries developed primarily along the eastern and north—
eastern shores.
By 1860, fish harvests diminished along the shores. Gill nets
became important as the fishery moved into deeper water. The eastern
end of the lake, in Canadian waters, provided numerous good shoals
for this type of fishery. The United States' waters contained
only a narrow shoreline shelf. With the decline of whitefish and
trout, smaller meshed nets were used to take herring.
Trout and whitefish catches were insignificant in the United
States waters by 1885. Herring and trout became the leading Canadian
production. Although the eastern end of the lake provided the most
suitable fishing grounds, the exhaustion of fish stocks and the
demand for herring caused a shift in emphasis to the west of Toronto.
About 1910 economic forces stimulated fishing on the Canadian
side of Lake Ontario. There was an increase in the intensity of
the fishery and it was more extensively carried on. Over two-
thirds of the commercial landings have come from waters of the
eastern basin.
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 and only 1.6 and 1.5 percent of the total catch were smallmouth bass
and northern pike, respectively. Game fish represented 3.4 percent
of the total.
Fish populations are believed to have stabilized by 1967. A six
year series of creel census data indicates a decrease in northern pike,
stable populations of largemouth bass and increased numbers of rock
bass and yellow perch. Bullhead populations have shown the largest
rise in relative abundance. Lake St. Lawrence has the potential
to become an excellent sport fishery. According to the fish
biologists of the Ontario Ministry of Natural Resources, this
fishery built up immediately after the creation of the Lake in 1958,
and then declined. It may be possible to construct remedial measures
and dikes to protect spawning and nursery areas of carp and northern
pike, especially in Lake St. Lawrence.
Ecological Aspects: The greatest effect on the ecology of
the St. Lawrence River was the creation of the Lake St. Lawrence
which changed the river environment to a lake environment. Because
of the regulation of the outflows from Lake St. Lawrence, the water
level of this lake at times changes rapidly over a greater range of
levels than was the case for the former river regimen.
Severe pollution of Lake Ontario waters has occurred only in
restricted inshore areas. The water quality in the open lake has
changed over the last 50 years as'the impact of man increased.
The concentration of total dissolved solids, chlorides, sulphates,
calcium, phosphates, nitrates, and other substances has risen.
Early in the 19th century the population of the Great Lakes
area was less than 300,000; in 1966 the Lake Ontario basin had popu—
lations of 2.3 and 3.8 million on the United States and Canadian
sides, respectively.
Lake Ontario waters show little difference between surface and
sub—surface composition. Oxygen concentrations averaged 9.57 ppm
with a range of 3.0 to 12.3 in 1964. The pH averaged 7.9. Total
dissolved solids now approximate 196 ppm and total phosphorus and
nitrogen 13 micrograms per liter and 400—600 micrograms per liter,
respectively. The specific conductance of the waters, at 250 C,
averages 320 micromhos per centimeter.
It is expected that the environmental degradation will be ar-
rested as the recommendations of the International Joint Commission's
"Study on the Pollution of Lake Erie, Lake Ontario, and the In—
ternational Section of the St. Lawrence River," are put into
effect by the appropriate agencies.
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2.1.7 St. Lawrence River - Canadian Reach*
Physical Description: The St. Lawrence River in Canada has
three main bodies of water: Lakes St. Francis, St. Louis, and St.
Peter, and also a smaller one, Laprairie Basin (see Figure D-8).
High velocity flows occur between Lakes St. Francis and St. Louis,
and between Lake St. Louis and Laprairie Basin, and Laprairie Basin
and Montreal Harbor, but velocities are low between Montreal
Harbor and Lake St. Peter.
Lake St. Francis, about 30 miles long and up to five miles
wide, reaches depths of 70 feet, but most of the lake does not
exceed 18-20 feet in depth. There are large areas of shallows
and weedbeds along its shores.
In the St. Lawrence River between Lakes St. Francis and St.
Louis there are three rapids, Coteau-du—Lac, des Cedres, and Cascades.
Except in the basins between rapids, the waters are shallow.
Lake St. Louis, about 16 miles long by 6 miles wide, has
depths to about 60 feet. However, most of the lake is rather shallow.
Large areas of weedbeds are found in mid-lake.
The Lachine Rapids connects Lake St. Louis and Laprairie
Basin and is characterized by shallow depths and high velocity flows.
Between Laprairie Basin and Lake St. Peter (50 miles), the
St. Lawrence River width is between one and two miles. The mini—
mum depth for navigation in the ship channel is 35 feet.
Lake St. Peter, about 20 miles long by 7 miles wide, is less
than 10 feet deep. Large areas of weedbeds grow along the north
and south shores. The navigation channel through Lake St. Peter
is maintained at 35 feet.
1 Two important groups of islands, Boucherville and the Berthier,
contribute to the expansion of shallows developing in their
respective areas.
Fishery Resources: A section of the Canadian reach of the St.
Lawrence River, mainly west of Montreal, is used extensively for
recreation activities and sport fishing.
The populations of fish are varied and abundant. Maskinonge,
bass, walleye, pike, perch, and bullhead are sought by sport
fishermen. Some stocking of brown and rainbow trout has been
undertaken to promote sport fishing.
*It will be shown later that the regulation plan considered in this
study has negligible effects in this reach on the fish, wildlife
and recreation.
 
 2.3 Methodology
Methodology used in this study is based on the evaluation
of the following three aspects:
1. Effects of artificial change in water level
regime on the commercial and sport fishing
structures and operations.
2. The effects of change in the level and flow
regime on the fish stocks.
3. The direct effects of construction and operation
of regulatory structures.
The following subsections are brief descriptions of the methods
used in evaluating the three topics.
2.3.1 Commercial and Sport Fishing Structures and Operations
In order to determine the actual increases or decreases in
high water damages to the commercial fishing structures due to
regulation, the U.S. National Marine Fishery ServiCe conducted
a study to establish the actual amount of damage that occurred
at any given time and water level during the study period between
the basis—of-comparison and regulation plan levels.
The amounts and dates of these damages were obtained by
field interviews, letters of inquiry, shoreline data sheets from
the 1968 field survey and the use of the Corps of Engineers De—
cember 1965 Report, "Water Levels of the Great Lakes." This
information was used to determine a lake level versus dollar
damages to commercial fishing structures relationship. An adjust—
ment was made for each lake level to provide for expected damages
in the future. The annual damages were then determined for’the
basis—of—comparison and under regulation for each lake. The fore—
going method did not yield significant quantitative results on
several trial plans; thereafter, this method was discarded.
A previous study by the Canadian Department of Public Works
(CDPW) conducted on the operatibnal effects of low lake levels on
the Lake Erie commercial fishing fleet was updated for the current
study. In its study, CDPW classified the ports according to depth
of entrance channels, harbors, and moorings; the fishing vessels
were classified according to draft—loaded and empty. This infor—
mation was then used to evaluate the operational cost to the
operators to load and unload their vessels as the water level
declined.
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 Cause—effect ideas advanced in the letters from the experts were
examined for favorable, unfavorable, and neutral effects attributab
le
to level fluctuations. For the sake of conciseness and maximum review
convenience, the ideas Were reduced to one phrase statements and then
summarized. The responses generally fell into two categories: (1)
firsthand accounts of benefits or damage in specific water level
situations; and (2) conceptual ideas as to the relative ecolog
ical
merits of high versus low levels and stable versus fluctuating level
s.
Category 1 material was more tangible, but presented difficulti
es in
extrapolation to a system-wide situation. Material under
category 2
was more applicable system—wide and probably of much greater ecologi
-
cal significance, but presented difficulties in documented subs
tan—
tiation. The responses have been organized in various co
mbinations
to determine possible patterns and are summarized in Annex
C.
As a result, certain generalizations which may be hel
pful in
decision—making relative to water levels regulation on the Grea
t
Lakes have become apparent. This in turn offers a possibility
for
delineation of a series of constraints or guidelines capa
ble of
being programmed into the analysis of various preliminary
plans for
regulation, in order that fish and aquatic life resou
rces may be
adequately protected and possibly enhanced.
As the result of these responses, these generalizatio
ns are
presented.
1. Over the major portion of the deeper open waters
of the Great
Lakes, there is no evidence or experience to indicate
any effect on
fish stocks from the normal range of water level fluctu
ations; from
manipulated water level fluctuations, e.g., Lake Superior;
or from
fluctuations of the magnitude contemplated under any
of the developed
plans considered.
2. Impact of lake level fluctuations and any change
due to
regulation have been, or would be, most noticeable in t
he littoral
zone and in the connecting channels. The limited
amount of useful
information on the littoral environment reflects the tr
aditional
Great Lakes research emphasis on deep water species a
nd their
environment.
3. The most demonstrable littoral impact invo
lves marsh spawning
species (e.g., northern pike) where a quantitative rela
tionship simi—
lar to that developed for waterfowl would hold.
4. The following table (Table D—h) summarizes the in
teractions
of high and low levels and their duration on fish sto
ck.
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As a regulation plan is implemented
or construction begins
for its associated works, changes are
made in the natural system.
Organisms and their habitat will be e
ither directly or indirectly
affected by the above changes. A dir
ect change might be due to
dredging for channelization or structur
e location. An indirect
effect could be considered as a change
in the composition of the
food chain as a result of plan operation
. In the direct effects,
the actual physical and/or chemical
condition of the habitat would
be removed by (l) removal of bottom wat
er interface, or (2) removal
of deeper substrate housing burrowing
organisms, eliminating part
or all of the production from that area.
The indirect effects are
often subtle changes in one or more fac
tors involved in the habitat.
Using current velocity as an example
, either an increase or
decrease of flow could change the o
rganisms living in any given
'area. These changes could take place in
several ways:
4‘
“ Pennak, R. W. 1953. Freshwater Invertebra
tes of the United
States. Ronald Press. New York
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 St..¥arys Rapids Low Flow Tests: In May 1971, with the
permission of the International Lake Superior Board of Control, a
study was carried out to assess the effects on fish and associated
aquatic organisms in the St. Marys River Rapids from varying the
flows by manipulating the gates of the Compensating Works. The
main objective of the study was accomplished through a revised
schedule of operation for the 16 gates at the control structure
during the study period as shown in Figure D—l6.
Staff gages were placed at strategic locations prior to the
start of the experiment to record changes in water levels. The
map (Figure D-l7) marks these locations.
To further document the study, aerial photographs of the
rapids and of the river downstream from the Compensating Works
to Little Lake George on the Canadian side, and to the Edison Sault
Electric Company's Powerhouse on the United States side, were taken
by the Ontario Department of Lands and Forests (Ministry of Natural
Resources). Oblique photographs (black and white, color and color
transparencies) of the rapids and surrounding area from the Com—
pensating Works to the downstream end of Whitefish Island at pre-
arranged sites and at times corresponding to the various gate
settings were also taken (Figure D—lS).
Sampling was performed to test water quality and the effects of
various flows on pollution concentrations in the harbor by the Ontario
Water Resources Commission (Ministry of Environment) on predetermined
transects (Figure D—l9) developed for this study. Sampling was also
performed by the U.S. Environmental Protection Agency at its regular
sampling stations in the St. Marys River.
A study of the benthic organisms that form an important sector
of forage for fishes was initiated by personnel from the Lake Superior
State College.
2.4 Data
All the basic raw data, including both the reports and letters,
are on file in the Office of Water Resources Studies, National Marine
Fisheries Service, Ann Arbor, Michigan and at the Sea Lamprey Control
Center, DOE, Sault Ste. Marie, Ontario.
Additional data sources were: the Monthly Bulletins of Lake
Levels published by the U.S. Lake Survey; the Corps 1965 Report
on Water Levels of the Great Lakes on Lake Regulation and the Com-
mercial Fish Production in the Great Lakes 1867—1960, published
by the Great Lakes Fishery Commission.
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 The regulation of lake levels is accomplished by changing the
magnitude and timing of the flows according to a pre—determined
plan. What must be considered would be the direct effect of the
structures and their operation on the environment, the existing re-
sources, and on the biological productivity of the area. A de-
scription of these structures is provided in Appendix G.
In altering the hydraulics of the system, dredging may be
necessary to increase the river's carrying capacity during high
water periods. If dredging becomes necessary, some method of
protection must be employed to preVent excess turbidity and silta-
tion. In both the excavation for the structures and the initial
dredging, it is a matter of considerable importance where this
spoil material is deposited. A suitable dumping site must be
found that will harm neither fish nor wildlife habitat.
St. Marys River: The compensating works used to regulate Lake
Superior has been in the St. Marys River since the early 1920's and,
at present, it is operated under the 1955 Modified Rule of 1949, by
the International Lake Superior Board of Control, under the aegis of
the International Joint Commission. The plan is discussed in detail
in Appendix B, Lake Regulation. Large reduction in flow over short
periods of time that can be obtained by change in the gate setting
cause a loss to the littoral zone of the upper section of the river
at the rapids and for several miles downstream. In the past, a
relatively sudden reduction in flow through this structure caused a
loss in the littoral zone of the lower river and a reduction in the
aquatic fauna, including fish production, in and around the rapids.
Accordingly, flows are an important element in this area and should
be considered with respect to the fishery resources if any altera-
tions are to be made. (See Subsection 2.6.3.)
St. Clair—Detroit Rivers: All the structures in this system
(Figure D-ZO) will be discussed without reference to a specific
regulation plan. Structures of similar design will be considered
as a group with all possible effects. Similar structures would be
located at the Blue Water Bridge, St. Clair, Michigan, and at Zug
Island, Detroit, Michigan. These structures begin on the Canadian
side, and extend out into the river. Training walls would be con—
structed downstream for varying distances. As part of the Blue
Water Bridge structure, there is a wall which is made of sheet
steel pile cells. The other two are constructed of rock and im
-
pervious fill. All three structures will affect the genera
l area
around them in the same way and should have a similar effe
ct on
the system. Each of the structures could hinder fish migra
tion,
possibly leading the fish into the quiet tailwaters where
they
become trapped.
The river current pattern would be changed and
reduced in
some areas, thus causing siltation in areas
that are at present
clean and productive. This would be especia
lly critical in and
around the training wall.
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 The structures to be located at Stag Island, plus the new units
required for the West Belle Isle, North and South Peach Island
and
East Fighting Island sites in the Detroit River all use natural
features on site for their training walls. These units will ha
ve the
effect of hindering fish migration, increasing siltation and changin
g
current patterns in a manner similar to those structures mentioned
above.
The structures in the North-Middle Channel and the Trenton Chan-
nel are special cases of the above type (i.e., using natural feature
s
for training walls). These structures both have the ability
to seri—
ously reduce the flows in these major channels.
As described in the Corps December 1965 Report, the North-Middle
Channel structure, located between Pte. aux Tremble and Harsens Island
off Dickinson Island Point, originally consisted of a unit 2,100 feet long,
with a small boat lock. This unit has now been redesigned and consi
sts
of two gated sections of 900 feet and 300 feet, respectively, with two
small boat locks and two ungated sections. However, even the placement
and operation of this new structure creates a dangerously low flow into
Anchor Bay through the North Channel. The channel and Anchor Bay sup-
port a large spawning population of sturgeon and maskinonge and are one
of the few remaining locations where these species are found. A re—
duced flow through the Bay would cause a change in the current pattern
and a reduction in flushing time, and thus cause severe damage to a
valuable production area. During the summer an environmental situation
as undesirable from the fishery standpoint as that in western Lake Erie
could develop. If low flows were continued through the winter, winter
kill problems would be magnified.
The Trenton Channel structure, located between Grosse lie and the
United States mainland just below the lower Grosse Ile bridge, will
cause the same basic problem in the lower Detroit River as that caused
by the North-Middle Channel structure in the North Channel Anchor Bay
area of Lake St. Clair. The reduced flows here, in conjunction with
the Celeron Island Channel dredging, could cause a change in the pre—
sent current pattern of western Lake Erie, possibly adding to an
already deteriorated situation.
Pollution concentrations rise as flows are decreased, and will
build to levels greater than those prevailing before regulation, due
to the restricted flows.
An additional problem arises in the St.Clair River with the large
mercury deposits (200 — 2,000 ppm) in the sediment below Sarnia,
Ontario, in the upper reaches of the river. The dredging required for
SMHEO and SMHO Plans would go directly through this area of high con-
centration and some additional method for removal and disposal of the
mercury would have to be considered. If this dredging is to be ac—
complished, the problem of disposing of polluted dredged spoil must
be satisfactorily resolved.
  
 
2.5.3 Effects on General Ecology
The Connecting Channels: This area consisting
of all the con—
necting waterways (St. Marys, St. Clair,
Detroit, Niagara, St.
Lawrence Rivers) would be initially affec
ted by the construction
necessary for any regulation plan and the
n by changes in the
environment due to variations in flow fro
m operation of the plan.
Tributary streams: This area, consisting o
f all the streams,
rivers and creeks flowing into the Great
Lakes system, would likely
be modified very little, if any, due to r
egulation. Each stream would
be affected to a different extent, dependin
g upon its slope and the
fluctuation of the water level. The younger
the stream (steeper slope),
the less effect water level would have on the
aquatic community of that
stream.
Considering the present state of the ar
t, the incremental nature
of water levels, and the lack of firm biologic
al knowledge or research
data, it is very difficult to evaluate or even s
peculate on what changes
a regulation plan will have on the general ecolo
gy. Even if data were
available, it would be difficult to prove that wa
ter levels were re-
sponsible for the reduction in numbers of a speci
fic population.
With this inability to get at the problem of gen
eral ecology, the
consensus is that what is good for fisheries will as
sure the health
and natural balance in the rest of the aquatic envir
onment. This con-
clusion is borne out by letters received from the a
cademic community
as described in Section 2.3 on Methodology.
2.5.4 Effects on Pollution Concentration
Just what effect incremental changes in water levels
will have on
the overall pollution concentration of the Great La
kes is at present
unknown; the problem being primarily a function of inpu
t of pollutants
and not water level of the receiving body.* In a speci
fic local con-
text, however, size and/or flow of the receiving water
body can be
significant in determining the impact of a pollutant on
the environment.
As the level of a body of water rises and fall
s, the discharge
relationship it has with its inflowing and outflowi
ng streams change.
As these changes take place, pollution concentrations v
ary inversely
given the same pollution discharge. This factor th
en allows pollution
concentration to change as water levels fluctuate.
The lack of data and the huge volume of the open la
kes have made
it very difficult to evaluate changes in their ecol
ogical system re-
sulting from pollution inputs. Small changes in
concentrations tend
to be masked in the immense size and volume of the lakes.
This is
 
* With the possible exception of Lake Erie on which
the range of
levels equals 7 percent of its volume.
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2.6 Evaluation of Plan 80-901
In regulating the Great Lakes under Plan 80-901, there are only
minor changes in the Sault Ste. Marie gates to allow winter operations,
along with modification of the existing regulation plan and using l958-D
on Lake Ontario. These incremental changes (Table D-S) during the year
should have very little effect on the majority of fishery resources.
The sequence, timing, volume and duration of flows through the
connecting channels are most important to the fishery resource.
Although only the St. Marys River would be directly affected by Plan
80-901, the Niagara, St. Clair-Detroit and St. Lawrence Rivers would
be indirectly affected. Because all regulation is accomplished
through variation in flow, the problems encountered in all regulation
plans, regardless of complexity, are similar, although not of the
same magnitude. Since there is no significant construction involved
in the implementation of Plan 50-901, there should be none of the
dredging and siltation problems associated with this activity.
Preliminary evaluations were made of regulation plans. Since,
in general, regulation plans were found to have only negligible effects
on sport fishing from shore structures and on the use of docks and
wharves for commercial fishing Operations no detailed evaluation of
Plan 80-901 was made for these interests.
The complexities of the interacting population dynamics of the
fish stocks, plus the influence of many other environmental variables,
tend to mask any effects on the fish stocks of the open lakes that
could be attributed to incremental changes of water levels (either
natural or controlled). The amount of refinement of data necessary to
isolate and quantify the effect of this single variable, particularly
in economic terms, is simply not available. This fact, coupled with
the small differences between Plan 80-901 and the basis-of-comparison,
would indicate that very little change in "stocks" would take place,
particularly in the main lake basins, as a result of changes in water
level fluctuations. If any effects are to be found, they will most
likely occur in the littoral zone and connecting channels.
2.6.1 Effects on Fishery Resources "Stocks"
In Subsections 2.3.2 and 2.5.1, the difficulties of evaluating the
effects of lake level fluctuations upon fish stocks were touched upon.
The amount and refinement of data necessary to isolate and quantify
the effect of this single variable, particularly in monetary terms,
is simply not available. This fact, coupled with the small variation
from the basis—of—comparison values induced by Plan 80-901, would indi-
cate that very little change in "stocks" is going to take place as a
result of these water level fluctuations. If any effects are to be
found, they will most likely occur in the littoral zone and connecting
channels.
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 2.6.2 Effects on Commercial and Sport Fishing Structur
es
and Operations
Because significant values were not obtained when sever
al prelimi-
nary plans were evaluated according to the methodology
described in
Subsection 2.5.1, the values obtained for 50-901 woul
d likewise be
insignificant.
2.6.3 Effects on Connecting Channels
The probable effects of regulation on the connecting channels
are numerous and in many cases elusive in nature, making
it a
difficult task to come to grips with the central problems. How
ever,
it was possible during 1971 to perform a study of the St. Marys
River
Rapids at various gate settings of the Lake Superior Control St
ructure
to elucidate the effects of low flows on the aquatic environmen
t. This
was the first time in this study that an experiment was perform
ed for
the purpose of evaluating the effects on the aquatic habitat of
regulation operations.
An evaluation of the study is presented in the following subsec
tion.
St. Marys River: The structure used to regulate Lake Superior has
been in the St. Marys River since the early 1920's and, at present,
is
operated under the 1955 Modified Rule of 1949 by the Lake Super
ior Board
of Control.
The flow of water in the river is divided among the following
structures, named from the Canadian to the United States side:
1. The Great Lakes Power Company, Ltd. power canal;
2. The Canadian Ship Canal;
3. The Compensating works;
4. The United States power canal;
5. The United States ship canals; and,
6. The Edison Sault Electric Company power canal.
Minimum setting of the Compensating Works being one-half gate i
s of
particular interest to fishery management agencies. For these
reasons,
a study was carried out in July and August 1971 to observe the
effects
on the local fishery and to determine the effects on the aquati
c
environment of various discharges resulting from different
gate settings
of the Lake Superior Control Structure. The times and duration
s of the
gate changes are shown in Figure D—16. In the p
ast, reductions in flow
through the Control Structure have dried up the Whitefi
sh Island Channel,
exposed a large portion of the St. Marys River Rapi
ds (Figure D-21), and
D-68
 caused losses to the littoral zone of the lower river. Loss of the
aquatic habitat, in particular the spawning area of Whitefish Island
Channel, caused a reduction in the fish population in and around the
rapids.
The Lake Superior Control Structure, with 16 independently
operated gates, is the only structure which provides water to the
rapids. Other works operate in response to demands of users so as
to adhere to outflow requirements:
1. Opening and closing of the locks is governed by the
amount of shipping.
2. Water flows through power generating stations up to
the maximum capacity are governed by the demand
for hydroelectric power and by the capacities of
the hydro plants. However, the amounts may
be curtailed by the International Lake Superior
Board of Control during periods of critical low
levels.
The average water flow in the St. Marys River is about 74,000 cfs.
The International Rapids water flow and current pattern are de-
pendent on the number, arrangement and specific gates used. The
suitability of this area as an aquatic habitat for fish and inverte-
brates is affected by regulatory structure operation. Manipulation
of control gates affect downstream water levels, flow patterns, and
the character of aquatic habitat areas.
Fisheries Observations: On the United States side, the St. Marys
Rapids have been dredged to provide a channel, angular in cross section,
with terraced bottom contours. 0n the Canadian side of the rapids the
shore of Whitefish Island has a natural grade sloping into the water.
A high proportion of the bottom in the Canadian side is exposed at
low water (Figure 0-21).
Observations of the fish and the aquatic habitat were recorded
during the study in August 1971. Some of the more pertinent ones
are presented below:
1. Sixteen gates open —- + 60,000 cfs: When all gates were
open the aquatic habitat was in a desirable state. All spawning
grounds in the channel were well covered with water.
The major drawback observed when all the gates were open was
related to resource use. Not as many fishermen could fish, and fish-
ing efforts were not successful.
D—7O
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 Whitefish Channel flow remained a trickle and the rainbow nursery
and spawning areas were dramatically reduced. Migration of rainbow
parr was almost effectively stopped. One large pool was observed to
contain five brook trout (average about 10" long), fourteen rainbow
trout (average about 8" long), and more than thirty rainbow trout
(average about 2" long). All these fish were locked in and would be
unable to migrate to the main river.
As before, little difference was noted when opening central gates
or near-shore gates.
Fishing and angler activity were still good in the main rapids.
5. One and one-half gates down to one-half gate opening: Drastic
effects were observed on the aquatic habitat when the gates were reduced
to 1-1/2, 1, and 1/2 gates open (Figure D-22). Observations were very
similar in these settings except that more and more habitat was dewatered
as the amount of water flow was reduced.
One could walk freely all along the southwest shore of Whitefish
Island where many rocks were exposed to the drying effect of the sun.
The smell of decaying algae was most evident and dead organisms in-
eluding crayfish, small common suckers, sculpins and sticklebacks,
were common.
Whitefish Channel now had no flow. A series of isolated pools
and small rainbow parr were trapped with migration effectively stopped.
Despite the loss of the entire spawning ground and nursery stream,
anglers were quite active in the main rapids. However, even there,
many pools which were formerly occupied by adult fish were lost as
boulders and rock shelves became exposed to the drying air.
6. Whitefish Channel was observed as the gates of the Compensating
Works were reopened gradually. It was apparent that a major stream did
not exist around Whitefish Island until at least seven gates were open.
With this flow the rainbow trout nursery was entirely covered with
flowing water while certain spawning areas were still lost.
7. Water level records were maintained during the study period at
three locations on the United States side. There were differences in
levels between these extreme settings of approximately four feet imme-
diately downstream of the regulatory structure itself, six feet in the
central portion of the rapids and about four feet immediately below the
United States Powerhouse. This extreme drop in water level has only
minor effects on the United States side until it approaches the lower
limits. However, there are extensive areas exposed on the Canadian side
with flows below the four-gate setting.
   
 on the number of gates open, but appear to be optimum when 10 gates
are open. The following species are known to be available to the
angler in the International Rapids:
Northern pike
Round whitefish
Rainbow trout
Brook trout
White sucker
Lake whitefish
Cisco
Carp
Lake sturgeon
CbntroZ Wbrks Gate Openings: In the low flow study, owing to
time limits, only the most divergent arrangements of open gates were
observed (the outermost and the innermost), with equal numbers of
gates open on the United States and Canadian sides (Figure D-16).
In United States waters these extreme positions of equal num-
bers of open gates caused little observable difference in the pat-
tern of downstream flow, but it appeared that better angling condi-
tions would prevail with gates open near the shore rather than the
center of the structure.
0n the Canadian side, better coverage of the aquatic habitat
resulted when the near-shore gates were open. While observations
were made at only the extreme arrangements, the Optimum conditions
would probably result from a combination of near-shore side and
center gates open on the Canadian side, but with the most United
States shoreward gate (#16) remaining closed. These optimum com-
binations can be determined in later studies and recommendations
made subsequently.
considerations to Enhance the Fishery: The following considera-
tions were assessed in developing guidelines for desirable number and
arrangement of open gates needed.
1. Create optimal conditions for spawning of desirable species
of fish in the rapids and associated channels.
2. Maintain suitable habitat for aquatic fauna (both fish and
invertebrates) i.e., to maintain water levels such that
the boulders in the rapids area are covered with water.
3. Permit anglers to use the rapids for fishing.
4. Minimize the opportunities for successful sea lamprey spawning
and survival of larvae in the rapids and associated channels.
5. Reduce the effect of pollution concentrations on the Canadian
side of the river.
   
  
 
 
It was obvious to the environmental biologists who inspected the
rapids under low flow conditions that the one-half gate opening was not
adequate to maintain the aquatic habitat for the rapids. This was
particularly evident in Canadian waters where extensive areas of river
bottom were exposed (Figure D-21). At the two-gate setting, the habitat
on the United States side was adequately covered with water and pro-
vided water levels that would be acceptable as a minimum flow in the
rapids. However, this definitely is not the case on the Canadian side
(Figure D—22). The large amount of rock and gravel area dewatered at
this gate setting contributes significantly to the food base in the
rapids. Exposure to air for even a short duration will kill most aquatic
life trapped in the racks. Aquatic organisms trapped in backwater pools
are threatened by high water temperature due to warming by the sun.
At the three-gate open setting there was still extensive losses of
Canadian Rapids habitat with large areas completely void of water. This
was more apparent during the second three-gate setting test period after
the water levels had been lowered and the inflow at the compensating
gates was from the mid-sections rather than being introduced at the out-
side gates. Therefore, for a three-gate setting, opened near-shore
gates provide better conditions in the rapids than opened central gates.
When four gates were opened the main area of the rapids contained
adequate water. Little aquatic habitat was lost eXcept under the inter-
national highway bridge, relatively close to the control structure and
in the Whitefish Island Channel.
The management agency biologists and other aquatic biologists have
expressed the judgment that the minimum gate setting be changed from
one-half gate to that setting which gives a flow of 26,000 cfs.
Additional fishery problems arising from the timing and duration
of flows relate to the spawning of northern pike, walleye, and rainbow
trout. The following brief description shows how these fish are affected
by flows in this region.
Northern pike spawning normally occurs in the St. Marys River area in
April and Hay. Water levels should not be lowered during this time to
insure the safety of not only the eggs at spawning, but also the larval
fry. The fry need at least two weeks in the shallow spawning areas to
safely absorb the yolk sacs. Stable flows are best, but gradually in-
creasing flows would not be detrimental.
Walleye spawning areas occur in rocky, rubble areas of the river in
relatively shallow water. In the upper river a one foot drop could pos—
sibly expose the spawning areas. Since these fish spawn approximately
the same time as pike, water levels should be constant or increasing.
However, because walleye spawning will most likely occur in areas subject
to the river currents, any increased releases should be very gradual so
as not to create a strong surging action.
  
 2.When possible a four to seven-gate setting during the sea
lamprey spawning period (June - August).
3. A four-gate setting, for three days, after the water tempera-
ture has reached 55° F, to allow for treatment of the area
below Whitefish Channel with lampricide. This should be
completed annually until the lamprey population below
Whitefish Island Channel is under control.
4. A ten-gate setting during May - June, when possible,
to permit spawning of rainbow trout and brook trout
in Whitefish Channel.
5. A gradual change of gate setting to allow aquatic organisms
to migrate or adapt to new levels.
6. Water levels should not be lowered during April and May
to allow successful spawning of fish in the rapids.
During periods of low flow an operational change to satisfy thefishery's discharge requirements could be made, but at the direct ex-pense of the power interests. It was found that the estimated lossto power by this action may be in the order of $1.5 million annually.The International Lake Superior Board of Control has undertaken aninvestigation in cooperation with interested federal, state and pro-vincial agencies to determine the engineering feasibility of remedialworks in the St. Marys Rapids in the interest of the fisheries.
A second possible operational change to alleviate the fishery pro-blem would be to increase the minimum flow over the rapids and redis-tribute the expected economic loss to the navigation and other shoreproperty interests with no loss to power. It was found that, in thisway, the estimated total loss to shore property and navigation wouldvary from $66 million annually for a minimum setting of 4 gates inall months (except April and May, when-the minimum would be 10 gatesopen) to $3 million annually for a minimum setting of l gate in allmonths. '
Thirdly, there is the possibility of satisfying the requirementsof the fishery interests by local remedial measures as mentioned above.A preliminary investigation found that remedial works along thefollowing lines may be feasible:
1. A training dike along the Canadian shore of the main channel;
2. a directional flow channel from the control structure
into Whitefish Island Channel;  
 
  
 
General Considerations: In order to have adequate data to assess
the impacts on this resource, fishery management agencies should main-
tain effective monitoring programs to detect any significant long term
changes in the aquatic environment for further studies.
 
  
    
 
Lakes Michigan and Huron. Thus, the effect of cyclic changes on the
natural resources of each lake varies with the physical parameters
inherent in each lake.
In typical winters, none of the Great Lakes freeze over from shoreto shore. Bays and shoal areas of the lakes usually are ice covered frommid-December and appreciable amounts of open-lake shore ice have formedby that date. The ice deteriorates after mid-March and by mid-April thatwhich remains is frequently limited to deteriorating ice in the easternareas of Lakes Superior, Huron, and Erie, and the vicinities of GreenBay and the Straits of Mackinac in Lake Michigan.
Each of these fresh-water bodies discharge to connecting channelswhich are as important for wildlife as the shoreline marshes of thelakes. The St. Marys River which flows from Lake Superior to Lake Huronis a 63-mile long channel bounded by low-lying lands and marsh-fringedshores. The river outside the navigation channel is generally shallownear shore, with extensive tracts of marshes in Lakes Munuscong andGeorge. The St. Marys River provides nesting and rearing habitat forseveral species of ducks and other water birds and is a habitat accom—modating a valuable fur animal resource.
Lake Huron discharges to the St. Clair River, a 33-mile high—bankedchannel to Lake St. Clair. Lake St. Clair and the St. Clair River deltasupport extensive marshes and shallows which are among the most valuableaquatic habitat in the Great Lakes system. Lake St. Clair dischargesthrough the 22—mile long Detroit River, which is lined by industrialand commercial developments. These connecting rivers between LakesHuron and Erie have been altered by dredging and spoil deposition.However, they still provide a natural channel with the off navigationchannel areas supporting an invaluable environment for aquatic animalsand water oriented wildlife.
Discharge from Lake Erie is through the Niagara River over NiagaraFalls to Lake Ontario. The upper Niagara River (above the Falls) supportsabundant growths of aquatic plants which are important foods for waterfowlThis portion of the river serves as a resting place and feeding area formigratory ducks and Whistling Swans. It also serves as an importantwintering ground for diving ducks. The Thousand-Island reach, in theSt. Lawrence River, provides an aquatic and shoreline environment ofsignificant value to wildlife.
The United States portion of the Great Lakes shoreline totals5,265 miles and the Canadian portion totals 5,967 miles; of thesetotals 1,358 miles make up shoreline of United States islands and2,749 miles are shoreline of Canadian islands. There are 1,457 milesof shore in public ownership on the United States side, in additionto 16 miles involving military reservations, municipal water works,public port facilities, etc. There are 1,278 miles of public landsbordering the Canadian shore of the Great Lakes. Approximately 10%of the mainland miles in private U.S. ownership, provide importantqualities for recreation and other public benefits. There are 664
D-84  
  
0n the United States side of the lakes, there are approximately
645,000 acres of littoral zone (to six-foot contour) which varies in
width from a straight drop-off with little or no shallow zone to a
gradual slope measuring up to one mile. Of this total approximately
245,000 acres of bottom consists of hard-packed sand, gravel, and ledge
rock, subject to wave wash and scour,providing a minimum wildlife value.
There are approximately 400,000 acres of the primary and secondary
shallow waters important for all forms of aquatic plant and animal life.
The less valuable habitat, classified as of secondary importance, amounts
to 105,000 acres.
A zone of emergent vegetation grows in the shallow water and on
water-logged soils along the shoreline. Plants whose leaves float on
the water surface form another zone found in intermediate depths.
Submerged plants grow in the deeper waters, extending lakeward until
limited by insufficient sunlight penetrating to the bottom.
0n the Canadian side of the Great Lakes there are 100,000 acres
of wetland including shoal areas with emergent vegetation of high to
M moderate capability for producing wildlife. The extent of areas with
h low productivity was not determined.
Marshes are changeable natural ecological communities. These com-
munities are aggregations of plants and animals whose distribution is
largely controlled by light, temperature, wave action, bottom soil,
and water depth. They represent a transitional ecosystem between open
water and dry land. This ecosystem is extremely sensitive to changes
in water level.
The size of the marsh area is determined primarily by the slope
of the lake bottom and shorelands. The more important marshes along
the Great Lakes include rather extensive lake plains and river deltas
which slope gently from the inland agricultural and undeveloped lands
to the feather-edge waterline. The acreage of marsh of particular
a value to wildlife and lower aquatic animal organisms is shown in Table
.% D—6.
l
i‘ Marshland is one of the most productive ecosystems and supports a
‘ great diversity of plant and animal populations. Maximum production,
‘ growth, and utilization of aquatic and semi-aquatic wildlife normally
, are benefited by a certain amount of water level fluctuation. Harris
i: . and Marshall (1963)* have studied the effect of fluctuating waters
If on marsh vegetation and report that:
)1 " . . . It seems probably that some species of aquatic
plants which are regarded as desirable in marshes have
 
* Harris, S.W. and W.H. Marshall. 1963, Ecology of Water Level
Manipulation on a Northern Marsh. Ecology 44:331-343.
  
 developed adaptations for survival in response to these
natural fluctuations, even to the point where these
plants may actually require such fluctuations for con-
tinued survival and seed production."
Marsh managers have long recognized the desirability of periodic
drawdown to allow aerobic nitrification of the soil which is reflected
in a better interspersion of plant species. While the uncontrolled
changes in water levels cannot be compared in efficiency to controlled
water levels, the same aeration effect occurs. Thus, any regulation
plan should provide for a reasonable variation in water levels.
3.3 Wildlife and other Aquatic Resources
The most noteworthy groups of wildlife inhabiting the littoral
zones of the Great Lakes are the aquatic birds and mammals. Aquatic
birds frequent the shores and rocks, the quiet bays, and rivers
more so than the central portion of the lakes. The sandpipers,
herons, bitterns, snipes, ducks, terns, and gulls are familiar and
integral parts of the shore scene. The islands of Lake Huron provide
major nesting grounds for colonies of herring and ring-billed gulls.
More than 200 species of non-water birds use the shorelines and
island areas.
The waters of the Great Lakes and adjacent basin areas provide
a flyway route for thousands of North American waterfowl and breeding
territories for lesser numbers of these birds. Twenty-seven species
of waterfowl use the Great Lakes basin. While water fowl are distributed
generally throughout the basin, there are major concentration areas
serving the migrating and breeding ducks, geese, coots, and swans.
These concentration areas include Tahquamenon Bay, Lake Superior; Green
Bay and Bay de Noc, Lake Michigan; Saginaw Bay, Lake Huron; Lake
St. Clair; St. Marys River; Point Pelee, Rondeau Bay, Long Point
Bay, and the western end of Lake Erie; Niagara River; and the Thousand
Island reach in the St. Lawrence River. In addition, many marshes
and shallow bays provide secondary concentration areas.
Available waterfowl population surveys indicate that more
than one million ducks use Lake St. Clair and western Lake Erie
during the peak of migrations. Lake St. Clair and the Long Point
area of Lake Erie are especially important for diving ducks. Both
areas have extensive beds of submerged aquatic plants that are
intensively used by canvasback and redhead ducks. Several hundred
thousand ducks have been noted at other concentration areas
throughout the lakes.
The marshes of Lakes Erie, St. Clair, and Huron are also used
during migration by approximately two-thirds of North America's
100,000 Whistling Swans.
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 The Walpole Island Indian Band is one of the groups of land-
owners in the Lake St. Clair area whose interest would be affected
by changes in lake levels. Much of their lands are leased to
private individuals and clubs for duck hunting although public
hunting is permitted in a smaller portion of their marshlands.
The marshland provides an important economic base for the Band.
Shoreline within the boundaries of United States Federal Refuge
areas totals about 103 miles and respective State Wildlife Game Areas
totals 51 miles. In addition to these areas which are specifically
designated for fish and wildlife management, there are an additional
592 miles of Federal and State Forest lands and 620 miles of Federal
and State Park lands that preserve and protect shoreline habitat for
all forms of animal organisms.
Shoreline acquired in Canada by Ontario Conservation Authorities
totals 68.1 miles while Federal areas total 395.7 miles. In addition
to these areas, there are 138.6 miles of Canadian municipal shore—
lines and 1186.0 miles of Crownlands that, in effect, preserve the
shoreline space for wildlife.
3.4.2 Recreational Use
It has been estimated that the human population of the Great
Lakes basin will increase at the rate of 1,000,000 persons annually.
Concurrently, the formation of extensive shoreline urban systems
will develop. Megalopolis development will be a major challenge
in any conservation effort to perpetuate the natural resources
habitat.
Marshes and shallow-water zones have tangible values to the
general public. Full recognition must be given to aesthetic,
social, and economic values of wetlands as natural resources
reservoirs in lieu of the generally accepted thought that a marsh
is only good for a garbage dump, industrial waste disposal site,
a cesspool, or an area to be drained. Positive thinking and plan-
ning are essential, if the Great Lakes marshes are to be preserved
for recreational uses with or without a regulation plan.
At present, there are in excess of 3,000 miles of undeveloped
and recreational shoreline on the Great Lakes accommodating public
and private—club hunters, and the professional and amateur natural-
ists interested in studying and observing the natural plants and
animals of the Great Lakes. In a few of the present public use
areas, the facilities, the physical features, the resources and
the management of the area are approaching a critical point beyond
which the area slowly deteriorates under the severe pressures of use.  
   
3.5.3 Dredging
During the past 100 years, urban sprawl has engulfed the shore-
line and many private, industrial, and commercial interests have
altered the inshore areas by dredging and filling. Most of this
dredge work occurs in less than 30 feet of water——the most valuable
environmental zone for plant and animal life.
Most dredged bottom sediments from harbors, channels, and water-
fronts are considered polluted to some degree. The deposition of this
maintenance dredging has affected several hundred acres of open lake
bottom in the established dumping grounds and random, unauthorized
disposal operations. In the past, numerous small waterfront dredging
and dredge spoil operations have without a doubt adversely affected
shoreline and shoal-water areas. Future dredging and dredge spoil
activities will require careful planning in order to protect, preserve,
and enhance the shoreline and shoal-water ecosystems of the Great
Lakes. This is even more of a paramount consideration in the
connecting channels.
3.5.4 Pollution
Most of the more important shoreline wildlife areas are located at
the mouths of tributary drainages. As such, the marshy wildlife acre—
age receives runoff carrying loads of biocide residues and agricultural
fertilizers used on the farmlands and orchards. These unfavorable
elements, no doubt, will continue to flow into the delta areas and
adversely affect plant and animal communities. In addition, untreated
municipal, agricultural, and industrial wastes increase undesirable
water environment conditions. Recent studies have shown that more
than 20 species of aquatic plants have completely disappeared from the
lakes, especially from Lake Erie, due to severe pollution and a variety
of other causes.
Marshes play an important role in reducing the harmful effect
these unfavorable elements exert on the waters of the Great Lakes.
The marsh plants trap and store in their roots, stems, and leaves
considerable amounts of the chemical residues which are washed into
the marshes. Destruction of shoreline marshes destroys this rather
efficient "nutrient trap" adding significantly to the eutrophication
of the lakes.
It is anticipated that pollution abatement and water quality pro-
grams established between the United States and Canada will result in
progressively improved habitat for waterfowl, aquatic fur animals,
and other water—inhabiting vertebrate and invertebrate animal life in
the tributary delta areas.
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It is not possible for government agencies, at this time, to
acquire and manage enough wetlands to maintain satisfactory
populations of wildlife for the hunting and recreating public.
A large percentage of the most productive marshes on the Great
Lakes are privately owned. Obviously. resource management
of government lands must also include incentives to private
landowners to preserve their wetland habitat.
Destruction of shoreline marshes increases during periods of lower
lake levels. At such times. the dry marshes are more easily access-
ible and are used for solid waste dumping. The present earth moving
equipment can destroy a marsh in a relatively short time. Records of
permits issued in the last ten years indicate marsh destruction occurr—
ing at a rate of several hundred acres annually. These figures are
minimal since marshlands adjacent to, but not abutting on the shoreline,
can be filled or destroyed without a permit. It is anticipated that.
should this type of marsh despoilation continue, 10,000 acres or more
will be lost during the next 50 years.
Presently, much of the public and private marshlands are for hunt—
ing and wildlife viewing. These recreational opportunities will decrease
as expanded urbanization tends to degrade and destroy the wildlife en—
vironment. Unless there is an all—out effort undertaken by public and
private agencies to protect and enhance the existing marsh and wetland
ecosystems in consonance with other uses, this environment and the as—
sociated recreation uses will steadily deteriorate. Solutions to main—
tenance of the present shoreline marshes may have to be accomplished
through legislative means.
3.6 Study Assumptions
In order to establish a basis for comparison between the past,
present, and future status of the natural resources of the Great
Lakes basin, the following assumptions were made:
1. The existing shoreline habitat has evolved in
response to environmental changes through the
68 years, 1900—1967.
2. The general pattern of the lake level fluctuations
which occurred during the 68—year study period
will be repeated.
3. Shoreline habitat primarily supports aquatic—
oriented wildlife and any change in water level
will have a more profound effect on this group
than on terrestrial wildlife.
4. Relative to other types of wildlife habitat, wetlands
are in short supply throughout North America. Wet—
lands are considered the most productive habitat
in the Great Lakes basin.
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8. Wildlife
Resources
State Con. Depts
BSF&W, MNFS, CWS &
OMNR
State, Provincial &
Federal Studies
9. Recreational
Hunting
State Con. Depts.
BSF&W, and NMFS
State, Provincial &
Federal Studies
Geologic Survey10. Geology State Surveys
11. Weather Daily Temp., wind, National Weather Service
pressure, precipita-
tion records
12. Ownership Survey of Owner- OMNR
ship Patterns 1971
13. Canada Land Provincial & Federal OMNR
Inventory Studies
14. Ontario Land Provincial & Federal OMNR
Inventory Studies
15. Quebec Fish & Provincial & Federal Quebec Tourism, Fish
Wildlife Inventory Fish & Wildlife Studies & Wildlife
3.8 Methodology
This wildlife study is based on water levels and percent of
exceedence data, and published maps and profiles prepared by Federal,
State, Provincial and private agencies.
The basis-of—comparison data incorporate the effects of changes in
the regimen of the lakes and their connecting channels which occurred
over the study period. The principal changes were man—made and consisted
of changes in the amount of diversion into and out of the Great Lakes basin
along with dredging changes in the connecting channels and operation of
control structures at the outlets of Lakes Superior and Ontario. Further
details are provided in Appendix B, Lake Regulation.
The small effects of water level changes on wildlife for an area of
this magnitude are not determinable with any degree of accuracy or
validity. Numerous methods of assessing the wetlands were studied.
A quantitative assessement of the wetlands habitat effected by changes
in lake level regime was made of the entire lake region. It is
recognized that specific biological research, inventory, and deter~
minations on wetlands, either as groups or singly, by lake or portion
of lake would have provided data with a greater degree of accuracy for
monetary evaluation. At this time, there are indeterminate aesthetic
and resource values that cannot be equated to the dollar. For pur-
poses of this study, without a dollar value on wildlife use, acreage
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 ACREAGE OF GREAT LAKES MARSHLAND WILDLIFE HABITAT
Table D-9
 
gage
Superior
Michigan
Huron
Erie
Ontario
TOTAL
  
 
Maximum Total Acreage at Acreage Inundated
Elevation Maximum Elevation per Foot Lake
Evaluated Evaluated
(feet IGLD) U. S. Canada U. S. Canada
603 20,400 Nil 4,080 Nil
582 32,600 - 4,660 -
582 49,400 68,600 7,060 9,800
574 34,700 55,700 5,000 7,960
248 _l§,ggg 8,400 2,630 1,200
155,500 132,700
D-lOO
'
L
Q
G
L
J
e
r
I
O
O
a
o
u
e
d
n
s
9x91
“
J
e
j
o
q
s
qlnos
n
e
u
n
o
a
ﬁ
e
u
m
J
Q
p
e
u
n
u
s
e
a
92-0
e
m
ﬁ
a
 
 
D-102
8
m
5
o
.
~
~
_.
n
5
0
B
E
m
w
a
D
I
S
C
O
L
o
m
m
m
“
E
o
n
G
C
O
J
d
o
v
m
£
3
2
2
.
L
o
m
m
m
m
c
_
a
o
.
m
.
|
>
>
o
m
R
d
9
:
3
__
gm
 
 
 
 
 
  D—106
 
i
*
;
;
,
_
.
.
_
;
.
7
7
.
_
.
_
.
.
.
_
‘
:
4
‘
‘
1:
Fi
gu
re
0
-
2
9
Pr
ot
ec
te
d
Sh
or
el
in
e,
M
a
n
a
g
e
d
M
a
r
s
h
,
S
a
n
d
u
s
k
y
B
a
y
,
O
h
i
o
,
L
a
k
e
Er
ie
,
D
e
c
e
m
b
e
r
1
9
6
6
.
 
   
periods of levels below the low water datum.
level range of plus three feet above LWD (for Lake Superior plus
However, in the water
2 feet), wildlife would not benefit from the plan. Comparison of
duration analyses prepared for this regulation plan indicates that in
all lakes, except Superior, there w0uld be less aquatic wildlife
acreage under water within the LWD plus 3 feet range than prevailed
throughout the period of record. The extent of marsh acreage loss
would be greatest on Lake Huron with progressively smaller losses on
Lakes Erie and Michigan, with an overall gain on Lake Ontario.
These acreage depletions would have an adverse influence on the
wildlife resources found in the Great Lakes ecosystems from year
to year during the most critical spring (April—June) and fall
(August-October) months (Table D-lO).
3.9.2 Plans SEQ-901, SEQ-33 and SEQ-42?
The overall Lakes Superior—Erie-Ontario Plan SEQ-901 indicates
that the regimen is slightly more damaging to water-oriented wildlife
and animal organisms than 80-901. However, as under 80—901, this
plan will maintain water over the marshlands in the upper two feet
of the operating range for a longer period of time than would
have occurred under basis-of~comparison. The plan would provide
for longer periods of inundated wildlife lands during periods of
low—lake levels below the low water datum. However, in the water
level range of plus three feet above LWD (for Lake Superior plus
2 feet), wildlife would not benefit from the plan. Comparison of
duration analyses prepared for this regulation plan indicates that
in all lakes, except Superior, there would be less aquatic wildlife
acreage under water within the LWD plus 3 feet range than prevailed
throughout the period of record. The extent of marsh acreage loss
would be greatest on Lake Huron with progressively smaller losses
on Lakes Erie, Michigan and Ontario. These acreage depletions would
have an adverse influence on the wildlife resources found in the
Great Lakes ecosystems from year to year during the most critical
spring (April-June) and fall (August—October) months (Table D-ll).
The overall Lakes Superior-Erie-Ontario Plan SEQ—33 indicates
that the water level regimen will adversely affect the lake margin wetland
habitat and the associated wildlife resources. The plan will have
no effect on the lower three feet of range in any one lake. Except
for Lake Superior, the plan will provide a small amoung of additional
wetland habitat in the upper two feet of the range. However, in the
middle elevations of the range of plus three feet above LWD (for
Lake Superior plus 2 feet), there would be less acreage of wetland
inundated under the proposed plan than presently exists under the
basis-of-comparison condition. Considering the full range of
fluctuation, for all the lakes, this plan would result in a loss of
acres and values of wetland habitat in both the United States and
Canada. The extent of marsh acreage loss would be greatest on Lake
Erie with progressively smaller losses on Lakes Huron, Ontario and
Michigan, in this order. Only Lake Superior shows a slight benefit
for the wetland habitat. These acreage depletions would have an
D-108
 Table D-ll
EFFECTS OF PLAN SRO-901 0N WILDLIFE HABITAT
 
(Acreage) ’
Basis-of- Difference
Congarison Plan sac-901 in Acreage (3)
 
United States
(1) (1)
  
Lake Superior 10,490 9,875 + 615
Lake Michigan* 16,201 16,733 - 532 {
Lake Huron * 24,546 25,350 - 804
Lake Erie 15,325 16,238 — 913
Lake Ontario _§,§Zg 8,921 1_;£g
Sub-total ‘ 75,441 77,117 -1,676
I
Canada I
(2) (2)
Lake Superior 0 0 0
Lake Huron * 27,350 23,250 -4,100
Lake Erie 18,150 16,597 -1,553
Lake Ontario . _ZL§§4 7,630 — 254
Sub-total 53,384 47,477 ~5,907 ,
Total -7,583 ‘
(1) Acreage lost from maximum elevation evaluated (Table 3.9),
(2) Acreage available.
(3) In the difference column, + indicates a benefit and - indicates
a detriment.
* 1962 outlet conditions.
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Table D-12
EFFECTS OF PLAN SEQ-33 0N WILDLIFE HABITAT
(Acreage)
 
Lake Superior
Lake Michigan*
Lake Huron*
Lake Erie
Lake Ontario
Sub-Total
Lake Superior
Lake Huron*
Lake Erie
Lake Ontario
Sub-Total
Total
Basis-of-
Cougarisqg
(1)
10,490
13,626
20,644
15,325
1&2
68,964
(2)
42,018
18,150
7,884
68,052
Plan SEO¢33
Difference
in Acreage (3)
 
United States
(1)
9,945
14,077
21,327
16,612
9,218
71,179
Canada
(2)
40,841
16,662
7,140
64,643
+ 545
- 451
- 683
1,287
339
 
— 2,215
0
- 1,177
1,488
- 744
3,409
- 5,624
(1) Acreage lost from maximum elevation evaluated (Table D-9).
(2) Acreage available.
(3) + indicates a benefit and - indicates a detriment.
+ 1933 Outlet conditions.
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Table D-l4
EFFECTS OF PLAN SMHO-ll 0N WILDLIFE HABITAT
(Acreage)
 
Basis—of- Difference
Comparison Plan SMHO-ll in Acreage (3)
 
United States
 
(1) (1)
Lake Superior 10,490 10,265 + 225
Lake Michigan* 13,626 14,597 - 971
Lake Huron* 20,644 22,114 — 1,470
Lake Erie 15,325 15,374 - 49
Lake Ontario _§J§Zg. _2,§44 - 665
Sub-Total 68,964 71,894 - 2,930 I
932 ‘
(2) (2)
Lake Superior 0 0 0
2 Lake Huron* 42,018 40,959 - 1,059
; Lake Erie 18,150 18,070 - 80 I
,3} Lake Ontario M M + 236
f Sub-Total 68,052 67,149 - 903 l
M 32531 I - 3,833
(1) Acreage lost from maximum elevation evaluated (Table D-9).
(2) Acreage available.
(3) + indicates a benefit and - indicates a detriment.
* 1933 outlet conditions.
  
W
-
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Table D-15
EFFECTS OF PLAN SHRED-38 0N WILDLIFE HABITAT
  
(Acreage)
Basis-of- Difference
Comparison Plan SHRED-38 in Acreage (3)
United States
(1) (1)
Lake Superior 10,490 10,280 + 210
Lake Michigan* 13,626 15,756 - 2,130
Lake Huron* 20,644 23,871 - 3,227
Lake Erie 15,325 18,278 - 2,953
Lake Ontario 8,879 8,850 + 29
Sub-Total 68,964 77,035 - 8,071
Canada
(2) (2)
Lake Superior 0 0 0
Lake Huron* 42,018 38,954 - 3,064
Lake Erie 18,150 13,866 - 4,284
Lake Ontario 7,884 7,379 - 505
Sub-Total ' 68,052 60,199 - 7,853
32531 -15,924
(1) Acreage lost from maximum elevation evaluated (Table D-9).
(2) Acreage available.
(3) + indicates a benefit and - indicates a detriment.
* 1962 outlet conditions.
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Section 4
BEACHES
4.1 General Consideration
The majority of outdoor recreation activities are water-oriented,
including those directly dependent on water and those significantly
enhanced by the presence of water. Swimming, boating, fishing, and
some hunting activities are classified as water—dependent activities,
while camping, hiking, sightseeing and picnicking, are examples of
water-enhanced activities.
Although the value computations in this report reflect swimming
(beach use) activities only, other recreational uses of the shoreline
of the Great Lakes have considerable value even though this value is
not as directly affected by level fluctuations (nor as easily
measured) as are the values associated with swimming and boating.
Much of the shoreline of the Great Lakes is used for picnicking,
camping, and other activities that are enhanced by the presence of
water; swimming is often engaged in as a portion of a recreation
experience that includes other activities. Picnicking may complement
swimming and vice versa. In this regard, it is quite difficult to
estimate the value that a user may place on any one activity. In
addition, the single activity value of swimming, for example, may
actually be increased when other activity opportunities such as
camping and picnicking are present. In other instances, a single
activity user value may be decreased by the availability of
competing activities.
4.1.1 Physical
The physical factors affecting the Great Lakes beaches include
geology, topography and soils, climate, biology, land use, and
shoreline characteristics. Each of these parameters either add to
or limit the value of beaches for recreational use.
Geology: Geologic characteristics of the basin are significant
to the recreation aspects of the region in that they provide an array
of scenic settings with significant present and potential recreational
development. Also, they contribute to the creation of a wide variety
of beach types and resulting values for swimming. Except where
bedrock is exposed, the glacial overburden comprising the shores
is still vulnerable to the full activity of shoreline erosion, which
has great effect on beach quality and utility.
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St. Clair, Lake Ontario and the southern part of Lake Michigan can
be considered to be urbanized including the high density residential—
recreational type of development. With the exception of some urban
nodes, the remaining portions of the Great Lakes region are rural.
Much of the rural area is either in forest (especially the northern
shores of Lakes Huron and Superior) or in agricultural use. Marshes,
shorelines, woods, and other areas provide game habitat. Significant
portions of the public lands located on the Great Lakes shoreline are
used for outdoor recreation purposes. However, a large part of this
total acreage is remotely located with respect to centers of urban
population. In the United States about 46 percent of the shoreline
mileage of such lands of Lakes Superior, Huron, Erie, and Ontario
are used for outdoor recreation. Because of their proximity to
urban centers, beach areas of particular importance include the
shores of Lake Erie, the shores of Lake Michigan, and the eastern
shore of Lake Huron.
Shoreline Characteristics: Most of the shoreline of Lake
Superior is classified as bluff with a few widely scattered sand
beaches and marshes. The north shore is characterized by rugged,
rocky bluffs or cliffs. The south shore has generally lower bluffs
and contains more beaches than does the north shore.
The western shore of Lake Michigan contains rocky bluffs in
the northern portion; narrow, gravelly beaches backed by high, eroding
bluffs in the central portion; and bluffs with wider, sandy beaches
in the southern portion. The eastern shore is characterized
primarily by long beaches of varying widths backed up by bluffs
and dunes. The recreation opportunities offered by Lake Michigan
beaches are very significant (Figure D-30).
The Canadian side of Lake Huron is characterized by sand and
gravelly beaches of varying widths backed by sand or clay bluffs in
the southern portion. The remainder is predominatly bedrock with
sand beaches occurring in scattered locations. The United States
portion contains scattered sand and gravel beaches, marsh, clay
bluffs, and sporadic rock outcrops.
Low marshes predominate along Lake St.Clair, although there are widely
scattered beaches present in this highly urbanized portion of the Great
Lakes region.
The United States shore of Lake Erie is characterized primarily by
marshes with scattered sand beaches in the western portion, low to inter-
mediate height glacial till bluffs with scattered sand and gravel beaches
in the central portion, and shale bluffs with few beaches in the eastern
portion.
With the exception of three points, Point Pelee, Point—aux-Pins, and
Long Point, where wide sand spits and barrier beaches enclose marsh areas,
the Canadian shoreline is characterized by till bluffs fronted by marginal
sand beaches. In the eastern end of the lake, bedrock is near water level
D-120
  
and the shoreline is irregular, with bay beaches and sand dunes fronting a
low clay plain. The best beaches are found along Long Point Bay.
 
About 85 percent of the northern shoreline of Lake Ontario consists of
narrow, sandy-gravelly—pebbly beaches at the toe of grey, cohesive clay or
rock bluffs at the low water level. Exceptions to these conditions exist
at Burlington Bay, Presqu'ile Peninsula, and Prince Edward and Frontenac
Counties, Ontario, where wide, long, sandy beaches with great recreation
value are located.
The United States shoreline is extremely regular with few natural em—
bayments, and consists principally of eroded clay and silt bluffs. With few
exceptions sand beaches are narrow and infrequent west of Oswego, New York.
East of Oswego, excellent sand beaches are common to Henderson
Harbor, beyond which the shore is low and rocky, precluding extensive
beach use.
The selected regulation plans would have no significant effect on
the beaches along the St. Lawrence River (Cornwall to Trois—Rivieres).
4.1.2 Socio—Economic
The nature of recreation in our society presents an opportunity and a
challenge, and is a part of the total living process. Many dynamic factors
affect the demands for outdoor recreation. Among others they include atti-
tudes, leisure time, population, income, educational level, and mobility.
While traditional attitudes still influence types of recreational activities,
new features such as mass media communication, mechanization, and mobility
are exerting a profound influence and are creating their own peculiar set
of problems.
Recreation as a part of modern living is a manifestation of the
abundant life, and an opportunity for the enrichment of living and for
fun. Several aspects of modern life contribute to other attitudes
which subsequently affect recreation. Mass communication media
may influence the individual in his choice of recreational activity.
The mention of a recreation area by the mass communication media
commonly results in an increase in visitation which may contribute
to overuse.
The increase in mechanization and automation in business, industry,
and the home leads the individual to also expect mechanization in his
recreational activities which formerly had a "roughing it" atmosphere.
Conversely, the push button world may stir the need of the individual to
develop and appreciate his skills.
An increasingly mobile population dependent on the automobile can
and will travel considerable distances for recreation. This causes two
problems: (1) the recreation areas have had to accommodate large num—
bers of vehicles, and (2) the non—mobile (frequently the inner city
poor) has no means of reaching recreation areas which are distant from
the city. The concentration of people in urban centers may affect the
  
level fluctuations, adverse effects upon the beach shore zone can
be reduced, thus improving beach quality as it relates to user satisfaction.
It has also been assumed that related control, primarily lowering 1
the extreme water level within limits, may be a means of providing
additional desirable beach area.
4.2.1 Adverse Effects of Extreme Fluctuation
Extremely low water levels can result in exposure of undesirable beach
features such as stones, mud flats, and off-shore bars and can allow aquatic
vegetation to rot and cause odor problems in the area, all of which diminish
the aesthetic value of a beach. In addition, low water levels allow beach
sands to dry out and blow about, producing problems of maintenance and other
adverse effects. In specific areas pollution problems may be aggravated by ‘low lake levels. Increased dredging activities to offset problems caused
by low levels can adversely affect swimming by resultant siltation and
turbidity. Generally speaking, low water levels affect mainly the aestheticsof a beach and may affect swimming or swimming beach uses through degrada-
tion of quality.
Extremely high levels inundate large portions of beaches, thus materi-ally reducing their user capacity. Loss of user capacity is especiallycritical on intensively used public beaches with supporting service areas.High levels accelerate beach erosion which adversely affects swimming and
other beach-use activities. In addition, high levels can create safetyproblems by obscuring dangerous areas from view as well as drastically re-ducing the size of safe wading areas.
4.2.2 Beneficial Effects of Fluctuation '
During periods of low water levels, beach clean-up and maintenance,and repair of beach control structures can be accomplished. In addition,low levels can be an asset to rock collectors and hikers; they usually pro-vide additional areas of desirable beach. Slow rates of change in lake
levels benefit beaches by moving and cleansing beach materials. Level
fluctuations usually disperse sands and gravels fairly evenly throughoutthe swimming and beach-use areas.
4.3 Assumptions
The following assumptions were used in the beach evaluation phase of
this study:
A. Increased population, mobility, affluence, and leisure time
will create more demand for beaches in the future.
B. The addition or subtraction of beach area provides a basis
for measuring the change in recreation value due to regulation.
C. Each person using a beach requires a certain area. The size
of the area depends upon the intensity of use related to beach
D-124
   
Field Data Collection:
a pilot study were used for recording data at individual beaches.
ment and instrumental measurements were primary means of gathering informa—
tion. Beaches were measured and surveyed individually and were given an
overall rating (Table D-17).
provided additional sources of information.
The following data were collected:
1. Present Lake Water Level — The lake level information for the
months the beaches were surveyed was taken from the Monthly
Bulletin of Lake Levels, published by the Lake Survey Center.
2. Beach Identification - The general location and the name of
 
each existing beach was determined.
3. Reach of Beach — Beach shoreline lengths, in miles and/or
feet, were taken from topographic maps and actual field surveys.
4. Beach Ownership and Management — These data were obtained from
various sources at the time of survey.
5. Beach Expansion Plans - These data, obtained from park person-
nel, included plans for beach area increases and approximate
date the plans will be implemented.
6. Intensity of Use - The estimation of present day use in cate-
gories of high, medium, or low were recorded by observation
and/or attendance data. Future use intensity, the beach
proximity to urban places of 50,000 or more, and the recreation
growth factors were considered in the determination of future
values.
7. Beach Quality - Five separate quality categories of beaches
have been formulated, based upon nine criteria indices in-
cluding water quality, beach size, water depth, access, etc.
or not a significant change in any criteria would occur at or
between other water levels on each beach surveyed.
Data Analysis:
\
I
I
i 8. Change in Quality Rating - A determination was made of whether
I 9. Width of Beach — A measurement of a representative average
h width of the exposed beach from the water's edge to the physi-
‘y cal boundary of the beach was made.
In the office, field data were reduced which
provided a basis for estimating potential use and user capability.
Computations were made as follows:
D—126
Field forms which were tested and revised in
The number of beaches and the number of
miles of beaches evaluated in Canada and the United States are presented
in Tables D-l8 and D—19, respectively.
elevation which enabled a determination of available beach at various
lake level intervals (Tables D-20, D—21).
They were surveyed at a known
Previous regulation studies
  
Table D-18
NUMBER OF BEACHES EVALUATED
 
 
LAKE UNITED STATES CANADA TOTAL
Superior 43 None 43
Michigan 223 NAC 223
Huron 79 14 93
St. Clair 4 0 4
Erie 134 46 180
Ontario 22 48 70
St. Lawrence3 None 27b 27b
TOTAL BEACHES 505 135 640 '
ALL LAKES
Table D-19
NUMBER OF MILES 0F BEACH EVALUATED
 
 
LAKE UNITED STATES CANADA TOTAL
Superior 28.88 None 28.88
Michigan 383.18 NAc 383.18
Huron 92.55 17.56 110.11
St. Clair 1.26 0 1.26
Erie 50.83 20.61 71.44
Ontario 9.79 25.50 35.29
St. Lawrence8 None 11.00b 11.00b
TOTAL MILES 566.49 74.67 641.16
ALL LAKES
: Canadian reach from Cornwall to Trois R1viEres.
These beaches were inventoried but not evaluated.
c Not applicable.
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Table D—21
IN (JANADA
EXPOSED BEACH AREA AT VARIOUS WATER LEVELS
 
LAKE
 
SQUARE FEET
ELEVATION OF BEACH EXPOSED
Huron
Erie
Ontario
 
St. Lawrence
LW1)
LT‘JD
LWD
LWD
LWD
LWD
LWD
LWD
U IU
LWU
LWD
LWD
LWD
Lh'l)
LWD
LWD
LWD
LWD
LWD
LWD
LWD
LWD
LWD
+2
+3
+4
—2
—1
+1
+2
+3
+4
-2
-1
+1
+2
+3
+4
-1
+1
+2
+3
+4
12,024,000
5,355,000
3,263,000
14,593,000
13,085,000
11,578,000
10,071,000
8,564,000
7,058,000
5,550,000
12,307,000
10,743,000
9,121,000
7,669,000
5,966,000
4,402,000
3,112,000
2,247,000
1,751,000
1,403,000
1,111,000
772,000
266,000
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12. Potential Seasonal Weekend and Holiday Attendance - Daily
attendance potential multiplied by the weekend and holiday
capability utilization (100 percent) (Step 6 x step 10 x
step 11).
13. Potential Season Attendance - Derived by adding the potential
weekday attendance (step 9) with the potential weekend and
holiday attendance (step 12).
 
14. Beach Quality Rating — Determined from the field data c011ec-
tion procedure outlined in steps 7 and 8 of Subsection 4.4.2.
15. Average User Day Value - A monetary value assigned to in—
dividual beaches based on quality. A higher rated beach
received a higher user day value than a lower quality beach.
The values are as follows:
Value Per User—Daya
Beach Quality Canadian .ULS.
b
A $2.00 $ 1.00
B Not evaluated .85
C No Comparable Category .70
D No Comparable Category .55
E No Comparable Category zero
Beaches closed due to pollution were given an "E" rating.
When water quality is improved, these beaches will be
re-opened and heavily used due to their proximity to
metropolitan areas. In this situation, total values for
each regulation plan w0uld be affected.
16. Unweighted Unregulated Seasonal Value - Potential seasonal
attendance (step 13) multiplied by the average day—use
value (step 15), recorded in monetary terms.
 
a Beach values in the United States were estimated on the basis of
user day values as outlined in Senate Document #97, (87th Congress,
2nd Session) Supplement No. 1, June 4, 1964, Washington, D. C.
Beach values in Canada were based on user day values provided by the
Department of Lands and Forests of Ontario, and the Department of
Natural Resources of Quebec. The Canadian value includes a turnover
factor and represents the daily value rather than the value per
participant. The United States value considers turnover in a later
step of evaluation.
Demand is only on high quality public beaches.
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evaluating United States and Canadian beaches.
certain variations between the methodologies, as follows:
However, there are
1. Benefits and losses to Canadian beaches were evaluated on
selected high intensity public beaches only since the
population available demands relate only to high quality
beaches. Lesser quality beaches are not in demand.
2. For United States beaches a user day value of one dollar has
been used with a turnover factor of two, resulting in user
day value of two dollars in some areas. Canadian value
accounts for a turnover factor of two whereas United States
value considers turnover in a later step of evaluation.
3. A beach use standard of 100 square feet per person has been
used for all lakes except Lake Huron where 250 feet per
person was used. Lake Huron area value considers that less
population is available to utilize available beach areas.
4. The 95 percent exceedence level was assumed as a maximum
value base in the Canadian evaluation. However, for beaches
that exceed 250 feet in width, damages are assumed to occur
only when the water level reaches an elevation high enough
to begin inundation of the upper 250-foot portion. The
United States evaluation arbitrarily established 85%
exceedence level as a maximum value base.
4.4.4 Sample calculation
The following pages of field data forms and beach rating example
illustrate the application of the methodology.
4.4.5 Demand
Demand for beaches in urbanized areas of the Great Lakes far
exeeeds existing supply, except in low density population areas.
Many beaches in urbanized areas are presently closed due to poor
water quality. As water quality is improved, these closed beaches
will be re-opened and made available to help satisfy future demand.
In addition, existing beaches with low—intensity use will be expanded
and developed for more intensive use, and additional beaches will be
acquired and developed for public use as demand increases (Figure D-3l).
Future demand for recreation is expected to increase at a much
faster rate than the population. While population is projected to
increase about 80 percent between 1972 and 2022, swimming beach acreage
requirements for the Great Lakes basin area during the same time period
are expected to increase about 300 percent. Forecasted decreases in
the average workweek, increases in paid vacations and holidays, increases
in per capita income, and increases in mobility are considered to be
the greatest influence on outdoor recreation demand increases.
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12. Backland Land Type
(1) Upland V// (2) Lowland (3) Wetland
15. Is there at least 500' in depth of unoccupied
backland behind the beach (1) Yes 9/; (2) No
14. Backland Vegetative
Cover (1) Heavy tree (2) Scattered tree V/' (3) Generally
cover cover open
15. Dry Beach Material
(1) Clean sand or (2) Dirty sand (3) Sand and (4) Gravel (%"
maintained grass or silt Gravel to 3" diam)
16. Wet beach material A t
(1) Clean sand (2) Dirty Sand (5) Sand and (4) Gravﬁl g4"
or silt Gravel to 3 diam)
17. Distance from water‘s edge to five—foot water depth
(1) Less than (2) Between 50' (3) Between 100' (4) Beyond
50' and 100' and 500' 300'
18. Dry beach profile:
(1) Smooth v, (2) Rough (3) Slope ‘5’ % from Abney Reading.
19. Wet beach profile: ‘
(1) Smooth Ir (2) Rough
v'
20. Water quality as related to body waterecontact and beach use.
Health rating (No data available «(r ) Aesthetic rating (No data available “(2 )
(1) Safe v, (2) Unsafe (3) Not perceptibly (4) Perceptibly
healthfully impaired :g: impaired _
21. If "unsafe" estimate extent of season lost (due to beach closure) for health reasons.
(1) Up to 10% (2) Up to 20% (3) Up to 30% (4) More than 30%
22. If aesthetically "perceptibly impaired” indicate extent of impairment.
(1) Significantly impaired for visual (2) Slightly impaired for visual
and/or functional reason(s) and/or functional reason(s) ‘
23. Reason(s) for the rating given in 20 and/ r 22.
(1) 2o: (2) 22:
24. Aesthetic impairment is caused by:
(1) 011 (2) Turbid or (3) Objectionable beach (4) Object—
Pollution stained color or water appearance ionable odor
25. What is extent of season affected by aesthetic impairment.
(1) Up to 10% (2) Up to 20% (3) Up to 30% (4) More than 30%
26. Source of water quality data
(1) health (2) Observer. ><| (5) Aesthetic
 
(4) Observer [2;]
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The fact that many of the beaches on the Great Lakes are located
some distance from the urbanized areas leads one to conclude that
heavy demand on existing beaches in urban areas will continue.
However, improved mobility will place an increasing demand on those
beaches remotely located with respect to urban population.
The recreation resources within the Great Lakes basin include many
areas of exceptional scenic, natural wilderness, and aesthetic
qualities which make the areas internationally significant.
4.4.6 Beach Value
The value of beaches for recreational use varies with changes in
lake levels.
Beach Areas: In general, beaches throughout the Great Lakes area
provide for the highest quality use when water levels are somewhat above
extremely low levels. To give consideration to this fact, it was
assumed in the United States methodology that levels occurring below
the 85 percent exceedence level* will not provide additional value
even though additional beach area is exposed as the water level drops.
The 95 percent exceedence level was used in Canada. It was assumed
that the value of desirable beach area exposed and made available below
the optimum level is cancelled out by exposure of undesirable features.
The 85 percent exceedence levels, or elevations of optimum beach area,
are as follows at LWD:
LAKE JUNE JULY AUGUST SEPTEMBER
Superior 600.2 600.4 600.5 600.6
Michigan-Huron 577.0 577.1 577.0 576.9
St. Clair 573.1 573.0 572.9 572.7
Erie 570.4 570.3 570.1 569.8
Ontario 245.0 245.1 245.0 244.5
The 85 percent exceedence level used as a maximum value base was
selected from an analysis of the basis—of~comparison levels relative
to beach quality use, and facility design.
Projection of Values for the Project Period: Any fluctuation in
the elevation of a given lake produces corresponding gains or losses
in beach acreage. To determine benefits to outdoor recreation
because of a lowering of lake levels, or to determine losses to
outdoor recreation because of a raising of lake levels, a dollar
value was assigned to all high intensity use beaches, to all moderate
intensity use beaches, and to all low intensity use beaches. To
 
* The level which the lake will be at or above 85 percent of the time.
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will be absorbed not by beaches along
the Great Lakes, but by
innovative man—made facilities with
in proximity to urban and
suburban neighborhoods, by private a
nd public pools, by inland
lakes, and by reservoirs.
(c) It was assumed that a portion of
the privately owned beaches
on the Great Lakes will be acquired an
d developed for public
recreational use.
(d) It is expected that rising land a
cquisition costs may result
in development of man—made peninsu
las and islands as a source
of beach acreage near heavily populate
d urban areas.
(e) Based on the foregoing assum
ptions, it was assumed that beac
h
acreage needs as projected above for t
he United States could
be met in the following proportion
s:
 
Lake
Great Lakes Other Areas
Superior
40% 60%
Michigan
20% 80%
Huron
20% 80%
Erie—St.Clair
5% 95%
Ontario
10% 90%
(f) The following table (Table D—23),
therefore, portrays the amount
of beach acreage that will be added to
the 1972 supply on the
Great Lakes shore in the United Stat
es during the 1972—2022
time period.
Table D—23
PROJECTED INCREASE 0F BEACH ACREAGE
% Increase Rounded
Lake SO—Year Increase
to Nearest 10%
Superior *
*
Michigan 732
70%
Huron 100
90%
St. Clair 0
0%
Erie 140
20%
Ontario 93
70%
* Due to spectacular scenery, s
parse population, stress on touri
sm,
and limited competition for beach ac
reage, the Lake Superior basin will
experience an increase in publi
c beach acreage greater than th
e above
projected needs. It was assumed
that Lake Superior beach acreage
will
increase steadily during the 1972—20
22 time period. Based on a 10%
programmed 1972-1980 increase, it is
herein assumed that the 1972—2022
increase will amount to 50% of the 1
972 supply.
  
  
in the following amounts: levels are lowered a
pproximately 35 percent of the
time on Lake Superior, 50 percent of the time o
n Lakes Michigan-Huron and some
20 and 25 percent of the time on Lakes Erie and Onta
rio respectively. The
beach exposure is enhanced by this regulation b
ut to a lesser extent.
The total average annual benefit would amount to
$116,000 for the
United States portions and $112,000 for the Canadian po
rtions. It
primarily benefits Lakes Michigan—Huron. Appreciable benef
its are
also realized on Lake Erie with small losses occurri
ng on Lake Superior
and nominal benefits on Lake Ontario. The breakdown
of these benefits
is shown in Table D—24.
4.6.2 Regulation Plan SHRED-38
A five—lake regulation plan would include new cont
rol works in the
St. Clair-Detroit and Niagara Rivers. Such a plan w
as developed and
designated as SMHEO—38. An evaluation of this plan
was made
utilizing the basis-of-comparison with the 1933 c
hannel conditions
for the St. Clair—Detroit River.
The stage duration curves indicate that during
the months
of June through September, the lake levels will
be lower for
this plan than the basis—of—comparison approximately
40 percent
of the time on Lake Superior and 75 to 100 percent
of the time
on Lakes Michigan, Huron, Erie and Ontario. The
beach exposure
would be therefore greater for the above lakes.
Table D—25 shows that the plan would produce substan
tial benefits
on all the lakes, except Lake Superior, since the l
ower regime of lake
levels would expose greater areas of beaches. The plan
would provide
benefits to Lake Michigan amounting to $1,019,000.
0n Lake Huron, the
plan would provide benefits of $259,000 to United
States beaches and
$196,000 to Canadian beaches. The plan would prov
ide benefits on Lake
Erie amounting to $580,000 in the United States and
$482,000 in Canada.
Benefits would accrue to beaches on Lake Ontario in the
amounts of
$62,000 in the United States and $586,000 in Canada. T
his plan appears
to offer the greatest recreation beach benefits of a
ny of the selected
regulation plans.
4.6.3 SEO Regulation Plans
SEQ—35: A three—lake regulation plan, involving new
control works
and dredging in the Niagara River only, was develope
d and designated
as SEQ—33. The basis-of—comparison used for the evalua
tion of this plan
is the 1933 channel conditions for the St.Clair—Detroit
River system.
The stage duration curves indicate that during the m
onths of June
through September, lake levels will be lower by t
his plan than the basis-
of—comparison case approximately 43 percent of t
he time on Lake Superior,
60 percent of the time on Lakes Michigan—Huron an
d about 90 percent of
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Table D-25
($1.000)
EFFECTS OF PLAN SMHEO-38 0N RECREATION BEACHES
Difference Between Average Annual
 
Basis-of- SHRED-38 and Benefit o
r
Congarison SMHEO—38 Basis-of-Comparison Loss
United States
(1) (1)
Lake Superior 51 54 -
3 — 4
Lake Michigan* 9,830 9,187 + 643
+1,019
Lake Huron* 1,175 1,093
+ 82 + 259
Lake St. Clair* 17 12 +
S + 14
Lake Erie 894 475 + 41
9 + 580
Lake Ontario 284 243 + 4
1 + 62
Sub-Total 12,251 11,064 +1,187
+1,930
(2) (2)
Lake Superior 0 0 0
0
Lake Huron* 8,771 8,880 + 10
9 + 196
Lake St. Clair* — negligible eff
ect -
Lake Erie 7,806 8,074 + 268
+ 482
Lake Ontario 5,637 5,963 + 326
+ 586
St. Lawrence River - neglible effect -
(Cornwall to
Trois—Riviéres)
Sub-Total 22,214 22,917 + 703
+1,264
3253;
+3,194
(1) Average damage.
(2) Average value.
* 1933 outlet conditions.
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EFFECTS OF PLAN SEC-33 0N RECREATION BEACHES
Table D-26
     __1
($1,000)
Difference Between Average Annual
Basis-of— SEC-33 and Benefit or
Comparison SEC-33 Basis-of-Comgarison Loss
United States
(1) (1)
Lake Superior 51 53 - 2 - 3
Lake Michigan* 9,830 9,625 + 205 + 305
Lake Huron* 1,175 1,145 + 30 + 65
Lake St. Clair* 17 15 + 2 + 5
Lake Erie 894 766 + 128 + 220
Lake Ontario 284 ___126 + 88 3;_;g1
Sub-Total 12,251 11,800 + 451 + 719
game
(2) (2)
Lake Superior 0 0 0 0
Lake Huron* 8,771 8,832 + 61 + 116
Lake St. Clair* - negligible effect -
Lake Erie 7,806 7,910 + 104 + 198
Lake Ontario 5,637 5,839 + 202 + 384
St. Lawrence River - no change due to regulation -
(Cornwall to
Trois-Riviéres)
Sub-Total 22,214 22,581 + 367 + 698
3252; +l,417
(1) Average damage.
(2) Average value.
* 1933 outlet conditions.
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Table D-28
($1.000)
EFFECTS OF PLAN SEO-42P 0N RECREATION BEACHES
Difference Between Average Annual
    +1
Basis-of— SEO-42P Benefit or
Comparison SEO—42P Basis-of—Conparison Loss
United Stateg
(1) (1)
Lake Superior 51 50 + 1 + 1
Lake Michigan* 7,301 6,763 + 538 + 850
Lake Huron* 866 800 + 66 + 168
Lake St. Clair* 15 12 + 3 + 8
Lake Erie 894 661 + 233 + 319
Lake Ontario 284 242 + 42 + 63
Sub-Total 9,411 8,528 + 883 +1,409
9.2%
(2) (2)
Lake Superior 0 0 0 0
Lake Huron* 9,108 9,190 + 82 + 156
Lake St. Clair* - negligible effect —
Lake Erie 7,806 7,945 + 139 + 222
Lake Ontario 5,637 5,880 + 243 + 389
St. Lawrence River - negligible effect -
(Cornwall to
Trois—Riviéres)
Sub-Total 22,551 23,015 + 464 + 767
3252; +2,176
(1) Average damage.
(2) Average value.
* 1962 outlet conditions.
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Table D-29
EFFECTS OF PLAN sumo-11 0N RECREATION BEACHES
($1.000)
 
Difference Between Average Annual
     
Basis—of- SMHO-ll and Benefit or
Comparison SMHO—ll Basis-of—Conparison Loss
United States
(1) (1)
Lake Superior 51 51 0 0
Lake Michigan* . 9,830 9,613 + 217 + 347
Lake Huron“ ' 1,175 ‘ 1,145 + 30 + 86
Lake St. Clair* 17 15 + 2 + S
Lake Erie 894 831 + 63 + 86
Lake Ontario ___£§i 275 + 9 + 13
Sub-Total 12,251 11,930 + 321 + 537
m
(2) (2)
Lake Superior 0 0 0 0
Lake Huron* 8,771 8,820 + 49 + 92
Lake St. Clair* - negligible effect -
Lake Erie 7,806 7,853 + 47 + 88
Lake Ontario 5,637 5,853 + 216 + 405
St. Lawrence River - negligible effect -
(Cornwall to ‘
Trois-Riviéres)
Sub-Total 22,214 22,526 + 312 + 585
3252; +l,122
(1) Average damage.
(2) Average value.
* 1933 outlet conditions.
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 4.7 Qualitative Considerations
A number of intangible benefits could be assigned to a plan that should
effect more stabilized water level conditions in the Great Lakes. With more
precise knowledge on the extent of water level fluctuation, the resource
analyst can be more effective in formulating programs that would reflect the
highest and best use of the shoreline areas of the Great Lakes.
4.7.1 Regulation Benefits to Beach Management
A major benefit of lake level regulation would be the reduction in shore—
line area within the zone of lake level fluctuation. Erosion above this zone
would be less severe, and more permanent forms of plant and animal life would
be encouraged to occupy these areas. The reduction of extreme high water
levels would also allow for the natural shore processes to rebuild beach
areas which may have been lost due to erosion.
Another benefit would be the improvement in the quality and type of shore—
line cultural development as the shore became more stabilized due to regulation.
This improvement is consistent with, indeed necessary for, good land—use zoning.
The application of the zoning concept is becoming more acceptable as a shore—
line development management tool.
Accentuated by high water levels, fragile shoreline areas such as the
sand-bluffed beaches of Lake Michigan (eastern portion) are highly susceptible
to ice erosion. Aesthetic, ecological, recreational, and shore property
values are affected by this condition. 0n lakes, or portions thereof, where
shoreline slopes are of low gradient, and at times almost imperceptible, the
area between the high and low water mark, or that area susceptible to periodic
flooding, can be quite extensive. A plan promoting more stable water
levels would tend to encourage more permanent desirable development,
including recreation, in areas previously subject to periodic inundation.
The quality of private and commercial developments should impfbve,
and at the same time the rate of abandonment of existing developments
should decrease.
Limiting the amplitude of natural change between high and low
water levels would have varying effects on the ecology of aquatic
and terrestrial environments. More stabilized conditions tend to
discourage species diversity; however, the number of individuals
usually increases under such conditions. This would also hold true
for plant and animal communities persisting in shallower portions
of the lake, particularly the littoral zone. Reducing the number
of isolated shallow pools created at high water levels may decrease
mosquito habitat area. Aquatic habitats supporting more desirable
biotic species that are dependent on recharge conditions effected
at high water levels would be adversely affected.
The extent to which cultural and aesthetic values have been
recognized, protected, and developed along the Great Lakes-St.Lawrence
River shoreline is an indication of the greatly increased recreational
demands which will be made in the future when greater variety, quantity,
and quality of the environment will be required.
D—154
+4 
  
desired qualities. A listing of the more common substances known to
gain entry into waters are considered in Table D—3l- It should also be
understood that the headings used in the contaminant column, e.g.,
pesticides, and the following listed effects are general in scope and
are not to be construed as all—inclusive.
Table D—3l POLLUTANTS AND THEIR EFFECTS
 
CONTAMIME
Phenols*
Acids and Alkalines*
Heavy Metals, e.g. lead, zinc,
arsenic, and chromium
Oxygen—consuming substances*
e.g., starches, sugars, and
also previously mentioned soil
particles and human wastes
Chlorine
Nutrients, including
fertilizers*
Dyes
Temperature—warmed water
garters
Impart obnoxious odors and tastes
to the water and the fish within.
Are also toxic to fish in very small
concentrations.
Toxic to aquatic life and damaging
to recreational equipment.
Toxic to fish, wildlife, and humans.
Detrimental to fish and other
aquatic life, and can cause odor
and taste problems.
May be detrimental to fish and
other aquatic life. Causes eye
irritation in swimming pools.
Stimulate nuisance aquatic growths
which are aesthetically and
physically detrimental to
recreation activities.
Some varieties are toxic to fish
and all affect the water's natural
color.
May impair aesthetic quality of
swimming water, and has a deleterious
effect on other elements contained
within the body of water. Extremes
eliminate aquatic life. Under
certain conditions may be beneficial
for swimming in cold bodies of water.
* Also fOund in combination with several other general pollutants.
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Section 5
RECREATIONAL BOATING
5.1 General
Around the turn of the century there were relatively few recreational
boats in the Great Lakes region; however, by 1968 there were OVer one mil—
lion. A conservative projection of the number of recreational boats
QVer the next 50 years, based only on the increase in expected population,
would be 2.5 million boats. The demand for boating has been growing
about twice as fast as the population in the last 10—20 years. This
growth has been attributed to an increasing standard of living and
greater mobility, and is expected to continue for some time. The
average growth rate of the sales of motors and boats over the last
10 years has been about 5 percent per year. When it is realized
that 60 percent of sales are for new equipment, it can be estimated
that the demand for boating facilities is increasing at the rate
of about 3 percent per year.
The growth in recreational boats can be attributed to a number
of factors. These include the following: (1) development of the
modern outboard motor with its higher horsepower and capabilities
for high—speed water travel and water skiing: (2) use of fiber glass
for the construction of boats which reduced the costly item of maintenance:
and (3) development of the self—launching boat trailers which made
possible our highly mobile boating enthusiasts. These modern advances,
coupled with the general trends of higher standards of living and
more leisure time for the nations' population, have attracted people
in ever-increasing numbers to the Great Lakes waterways. To meet
these needs, private enterprise, local Provincial, State and Federal
governments have developed various programs and projects for con-
serving, developing and using water resources through classification
and zoning of rivers, and the construction, operation and maintenance
of reservoirs, harbors, launching facilities, marinas and camping
grounds (Figure D-32).
The National Association of Engine and Boat Manufacturers (NAEBM)
has conducted a number of national surveys of boat club members.
These surveys give an insight into the use factors that affect the
current level of recreational boating in the Region.
Sport fishing is the most popular intended use given by purchasers
of outboard equipment. In 1965 fishing was mentioned by 78 percent
of the purchasers of outboard motors as an intended use of the equipment;
cruising by 35 percent and water skiing by 26 percent. The fact
that these percentages exceed 100 percent indicates the multiple—
use made of outboard motor equipment.
In determining the effects of fluctuating water levels on recreational
D—158  
    
boating, it was necessary to approach the problem from two points of view:
(a) the effect on the boat owner; and (b) the effect on the operators of
marinas.
This Section deals with the former, and Appendix C, Shore Property, Section
3 covers the latter.
5.1.1 Boat Population
Surveys to establish the numbers and types of recreational boats in use
on the Great Lakes system were carried out under the following headings:
Class A — less than )6 feet
Class B — between 16 and 26 feet
Class C — between 26 and 40 feet
Class D — above 40 feet
Class E — Sail boats above 26 feet
As part of the survey, questionnaires were circulated, and interviews were
held with boat owners in order to obtain their views.
5.1.2 Types of Boat—Based Sites
It is convenient to distinguish three types of operation:
(1) A boat based at the boat—owner's private property,
c.g., a summer cottage;
(2) A boat based at a club property or commercial marina; and
(3) A boat trailered to a launching site for each use.
Some boats on the Great Lakes may be operated from the natural shore
without benefit of wharf, boathouse, or other artificial structure. Some
of them may be based at the owner's private property, others may be trailered
to launching sites. In these circumstances there is no reason to suppose
that either extreme low water or extreme high water would impose any signi-
ficant limitation on the owner's ability to use his boat at will.
5.1.3 Effects of Level Fluctuations
Where the boat is trailered to an artificial launching ramp, the ability
to use any given ramp at extreme low water levels may be limited by the length
of the ramp. In most cases, however, there may be alternative launching sites
that would be acceptable, including sites on other bodies of water. For the
present and for some years to come, it appears that extreme levels on the
Great Lakes would not impose any significant limitation on the owner's ability
to make acceptable use of his boat in this manner. For the longer term this
conclusion requires qualification: alternative sites may become more crowded
and less attractive as the boat pepulation grows and greater demand will
be made for new sites on the Great Lakes, by which time any limitation  D—160
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(b) Large trailerwborne boats, for which alternative launch—
ing sites are considered to be available at times when lake
levels make some sites unusable. These two bout cateﬂories
will not enter into the evaluation of the effects of a reg-
ulation plan.
(5) The value which owners place on use of their boats is measured
fro" their investment in them. An accepted method for estimating the
dollar value of a season's boat use is that discussed in the report,
Appendix D, Effect of Lake Regulation on Navigation, dated August 1965.
The report was prepared by the U. S. Army Engineer Division, North
Central, Chicago, Illinois, as one technical appendix of the Water
Levels of the Great Lakes Report on Lake Regulation.
Under this method the average annual value of a season's use is
taken as a percentage return on the depreciated value of the boat,
which is assumed to be 50 percent of its original cast. The average
percentage return considered to be appropriate here is 10 percent. The
reason for selecting 10 percent is that the relevant rate can be taken
as the (current) long-term interest rate, plus a differential allowing
for the fact that a boat owner, in buying his boat, evaluates the annual
value of its use at a higher figure than the interest return on equiv-
alent investment in securities.
5.3 Methodology
There are so many different physical conditions under which facili—
ties for recreational boats are operated that there is no known average
condition under which the benefits enjoyed by recreational boating can
be estimated as a base from which the change in such benefits can be
estimated under a plan of lake regulation. Consequently. in considering
the over-all conditions under which recreation boating operates, an
average lake level was assumed. Above this, on the average, the change
in the regimen of lake levels under a given regulation plan would not
affect recreational boating, and below which level such a change
would reduce the opportunity for boating. As an example, the elevation
selected for Lake Erie is 570.0 feet, IGLD (1955).
5.3.1 Boating Period of Use
In practice, an owner's use of his boat on the Great Lakes is
largely confined to weekends, statutory holidays, and vacations during
the period June to September. During this period fourteen weekends
and three holidays total 31 days, and vacations may average four weeks,
or 20 days, for a total of some 50 days. Allowing for advorse weather
and for various other considerations and distractions, there are an
average of 40 days of possible boat use in a Great Lakes recreational
season, excluding loss of user-days due to lake levels.  
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for each of the five lakes using both individual species and the
combined total of all the species. These graphs were then used to
compare water level to production. Secondly, the expertise of
fishery biologists and administrators was polled by means of a letter
of inquiry. This letter was an attempt to pull together all the existing
information with regard to lake levels and fish stocks. A follow—up
request was then sent to the academic community involved in Great
Lakes fisheries research. The responses to these letters were then
used to evaluate the potential effects on the fish stocks. Cause—effect
ideas advanced in the letters were examined for their favorable,
unfavorable, and neutral effects attributable to lake level
fluctuations.
In order to fully involve the management agencies responsible for
fisheries in the Great Lakes, the five Lake Committees formed by the
Great Lakes Fishery Commission were requested to consider the impact of
regulation of lake levels on the fishery. Input from these Committees
has been incorporated into the report.
An experiment performed in the St. Marys River rapids in late July
and early August 197] provided information as to the effects of operation
of the regulatory structure on the aquatic environment of that area. To
obtain adequate information as to the effects of various gate settings
on conditions of the upper St. Marys River, data on the following
factors were collected at various gate settings: water quality; benthic
organisms important to the local aquatic food chain; exposure of shoal
areas; and the rate of flow through the structure. In addition,
staff gauges were set at various locations to record changes in water
levels.
In July 1973, the International Joint Commission requested that a
study be initiated by the International Lake Superior Board of Control
in cooperation with representatives of appropriate federal, provincial
and state agencies to consider the feasibility of remedial works to
ensure that the crucial areas of the St. Marys River Rapids are not
dried up under low flow conditions. These studies include consideration
of training dikes to distribute the same minimum flow more uniformly
over the rapids.
6.3 Wildlife
All of the shoreline and the abutting shoal waters of the Great
Lakes provide an ecosystem supporting a wide variety of plant and animal
organisms important to mankind's recreation, health and aesthetic
well-being. Throughout this extensive freshwater Shoreline are
scattered pockets of extremely important habitat -- the marshes, wetland,
swamps, and shallow bays and ponds often cut off from the main lakes by
a bar or ridge. Aside from the aquatic habitat, there are innumerable
and diverse types of terrestrial habitat which would not be directly
affected by this study.
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SUMMARY OF ECONOMIC EVALUATION BY LAKE AND COUNTRY
FOR RECREATION BEACHES
Average Annual Benefits in $1,000
Table D-33
Lake
Superior
Michigan
Huron
St. Clair
Erie
Ontario
Total
U.S.
Canada
U.S.
U.S.
Canada
U.S.
Canada
U.S.
Canada
UISI
Canada
  
S0-90l SEQ—33 SEC-901 SMHO—ll SMHEO—38 SEO-42P
— 5 — 3 - 4 0 — 4 + 1
0 0 0 0 0 0
+ 82 + 305 + 653 + 347 + 1,019 + 850
+ 17 + 65 + 130 + 86 + 259 + 168
+ 56 + 116 + 261 + 92 + 196 + 156
0 + 5 + 5 + 5 + 14 + 8
" negligible effect -
+ 18 + 220 + 238 + 86 + 580 + 319
+ 56 + 198 + 153 + 88 + 482 + 222
+ 4 + 127 + 12 + 13 + 62 + 63
0 + 384 + o + 405 + 586 + 389
+ 228 + 1,417 + 1,448 + 1,122 + 3,194 + 2,176
 
+ indicates benefit in dollars
- indicates loss
D—170
in dollars
 

 
 
 
 
 
 
 
 
 
      
NAME
 
Carlson, R. E.
Christie, J.
Christoffers, E.
Code, R. G.
Collins, J. M.
Conroy, N.
Courtemanche, A.
DeCooke, B. G.
Deslauriers, C. E.
Fiezere, L. A.
Fogle, N.
Fonda, S. H., Jr.
Gallagher, R.
Giles, J. W.
Gleason, G.
Goodno, R. S.
Graham, H.
AGENCY
COE
OMNR
NMFS NCAA
OMNR
DOE
OME
QTFH
COE
QDNR
DPW
MDNR
COE
BOR
OMNR
LSSC
COE
SC
W
Coordinator, Shore Property
Subcommittee
Member, Recreational Boating AHG
Associate, Shore Property
Subcommittee (Fisheries)
Associate, Shore Property
Subcommittee (Fisheries)
Member, Shore Prop. Subcommittee
Member, AHG Wildlife
Member, AHG St. Marys Rapids
Associate, Shore Property
Subcommittee (Fisheries)
Member, AHG Low Flow
Member, Shore Property
Subcommittee (Fisheries, Wildlife)
Engineer I/C Lake Ontario
Task Force
Member, AHG St. Marys Rapids
Alternate Chairman, Shore
Property Subcommittee
PERIOD
1/67-*
1/69-12/69
6/70— 6/71
7/71-*
8/65- 3/67
4/71—12/72
6/71-10/71
1/66-*
11/71—12/72
1/66-*
5/68— 3/71
6/71-10/71
3/67-12/68
Chairman, Shore Prop. Subcommittee 12/68- 3/72
Member, AHG Low Flow
Associate, Shore Property
Subcommittee (Recreation)
Member, Shore Property Sub-
committee (Fisheries, Wildlife)
Member, AHG St. Marys Rapids
Member, Recreational Boating AHG
Member, AHG St. Marys Rapids
D-A2
11/71-12/72
1/68-12/70
3/67-*
6/71-10/71
1/69-12/69
6/71-10/71
*present  
  
  
 
NAME
McLeod, G. G.
Moore, J.
Munro, W. T.
Nord, W. H.
Ormorod, K.
Payne, R.
Pemberton, C., Jr.
Persoage, N. P.
Peterson, V.
Pritchard, A. L.
Quinlan, D.
Raoul, J.
Rasgus, J.
Roellig, D.
Salbach, S.
Scheuler, R.
Shank, D.
We
AGENCY:
MOT
NMFS NOAA
DOE
BSFW DOI
DPW
OMNR
COE
DOE
DPW
COE
COE
COE
OME
NMFS NOAA
BOR
PARTICIPATION
Chairman, Navigation Subcommittee
Associate, Shore Property
Subcommittee (Fisheries)
Member, AHC Wildlife
Member, Shore Property
Subcommittee (Wildlife)
Chairman, Wildlife Section
Member, AHG St. Marys Rapids
Member, AHG Dredge Disposals
Associate, Shore Property
Subcommittee (Economics)
Associate, Shore Property
Subcommittee (Fisheries)
Member, Shore Prop. Subcommittee
Member, Shore Prop. Subcommittee
Coordinator,
Shore Property Subcommittee
Member, Shore Property
Subcommittee (Fisheries)
Chairman, Shore Property
Subcommittee
Member, Navigation Subcommittee
Member, Recreational Boating AHG
Associate, Shore Prop. Subcommittee
Associate, Shore Prop. Subcommittee
Coordinator,
Shore Property Subcommittee
Member, AHG St. Marys Rapids
Member, Shore Property
Subcommittee (Fisheries)
Associate, Shore Property
Subcommittee (Recreation)
D-A4
PERIOD
8/65-10/67
7/71- 9/72
6/69- 4/71
7/65- 6/72
6/69- 6/72
6/71-10/71
12/71— 6/72
4/68- 6/70
6/70- 6/71
7/65-12/68
8/65- 3/70
6/66- 6/68
2/66- 4/69
7/65-*
8/65-*
1/69-12/69
1/68-*
1/74-*
1/71—*
6/71-10/71
6/66— 7/71
6/66-12/67
*present  
  
 
LIST OF ABBREVIATIONS AND AGENCY INDEX
AGENCIES
U. S. Department of the Interior, Bureau of Outdoor Recreation
U. S. Department of the Interior, Bureau of Sport Fisheries
and Wildlife
U. S. Army Corps of Engineers
Department of the Environment, Canada
U. S. Department of the Interior
Department of Public Works, Canada
U. S. Environmental Protection Agency
Lake Superior State College, Sault Ste. Marie, Michigan
Michigan Department of Natural Resources
Ministry of Transport, Canada
National Marine Fishery Service, National Oceanic and
Atmospheric Administration
Ontario Department of Tourism and Information
Ontario Ministry of Natural Resources
Ontario Ministry of Environment
Quebec Department of Natural Resources
Suomi College, Sault Ste. Marie, Ontario
St. Lawrence Seaway Authority, Ministry of Transport
Canadian Wildlife Service
D-A6
BOR
BSFW
COE
DOE
DOI
DPW
EPA
LSSC
MDNR
MOT (formerly
the Dept. of
Transport)
NMFS
ODTI
OMNR
OME
QDNR
SC
SLSA, MOT
CWS  

   
 
 
  
_ 2 - September ll, 1969
other words, if we have some idea of what we want or do not want in terms of
regulation of water‘levels, but are not able to express these preferences in
quantitative or monetary terms, they can still be fed into the analytic
process as preliminary criteria or constraints, thus insuring some considera-
tion of our intent. In the absence of finn scientific knowledge this will
have to be a judgemental process relying on observations and pragmatic
experience. It will involve: (l) evolving a presently lacking compilation
of information on water level fluctuation effects; and (2) developing from
this compilation a list of water level recommendations or constraints which
when applied in final deliberations will insure enhancement or at least
protection of fisheries. Some of the admittedly generalized constraints
that have been discussed so far include:
(a) Rapid short—term fluctuations of water levels shall be
minimized.
(b) The frequency of water levels above recorded adjusted
elevations during the months April through June and August
through October shall be increased to the extent feasible.
(c) Minmnmn flows shall be maintained sufficiently high to keep
pollutant concentration extremes within tolerable limits
during critical biological periods.
(d) Flow through the St. Marys River shall be controlled at a
minimum of % gate open to maintain spawning habitat for
rainbow trout.
These constraints generally seem to favor high water levels from the fishery
standpoint, thus paralleling the direction the wildlife biologists seem to
be going. The same can be said for a point raised by Bob Saalfeld of the
Great Lakes Fishery Commission that during summer months low lake levels
curtail a great deal of dock and pier—side angler harvest of yellow perch.
If this could be assigned a dollar value, it would probably amount to a
substantial sum. Also, there seems to be general agreement that the higher
water levels tend to enhance spawning habitat for great northern pike and that
it may be possible to express this quantitatively, or even monetarily, by a
methodology sinilar to that used by the wildlife interests.
Against this background, we would appreciate any response you could make to
the following questions: (1) Based on your experience have you any knowledge
of low or high water levels affecting the populations of any fish species or
group of species in the Great Lakes, their interconnecting channels or the
mouths of their tributaries on either a lake—wide or local basis, either
beneficially or detrimentally? Special considerations are spawning, free
passage, nursery, and feeding grounds; (2) Have you any knowledge of low or
high water levels affecting the utilization of any Great Lakes species or group
of species, either sport or commercial, on either a local or lake—wide basis?
(3) Have you any knowledge of beneficial or detrhnental effects of low or high
.../3
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Great Lakes
UNITED STATES and
DEPARﬂiENT OF THE INTERIOR Central Region
Fish and Wildlife Service (Region A)
Bureau of Cmnnercial Fisheries
5 Research Drive
Ann Arbor, Michigan
Address only the
Regional Director
For the past couple of years we have been participating in a study of the effect
of proposed water level regulation plans for the Great Lakes under the jurisdic—
tion of the International Joint Commission.
In that connection we sometime ago sent out a letter of inquiry to all
federal, state and Canadian fishery biologists and administrators known to
us to be knowledgeable in the Great Lakes area to solicit their views and
expertise on the effects of water level fluctuation on fish and wildlife.
A copy of that letter is attached. Response was very good, although diffi—
cult to quantify. We have attempted to summarize and analyze the responses
and a copy of this summary is also attached.
It has become apparent, however, that a gap exists with respect to the broad
total ecological aspect as contrasted with the more specific fish.and wild—
life considerations. We suspect that if fish and wildlife are given adequate
consideration in the planning, the ecology of all the total fauna and flora
of the shoreline and littoral areas of the lakes will tend to be covered in
but we realize this is an assumption.
Therefore we would appreciate your reviewing the three questions that we
asked the fishery biologists and administrator against the background of
your own experience and knowledge of the tgtal_ggplogy of the Great LakeS,
rather than the more restricted fish and wildlife framework in which the
questions are couched in the attached letter. If, after doing that, you
would care to make any responses we would certainly be glad to get them.
.../2  
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SAULT STE. MARlE, ONTARIO. ‘
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van: 0055:“ ~°
DEPARTMENT OF FQHERIESAND FORE§TRY
MNUSTERE DES PECHES ET DES FORETS
SAULT STE MARIE, ONT
December 22, 1970
Dear
This will confinn our discussions re: input from the Lake
Committees to the report on "fisheries aspect“, for the Great Lakes Levels
study. Some members ofthe Lake Cmmnittees have been involved in this
study for many years and I think it is now imperative that the Lake
Committees become involved to some degree in preparing a report to the
I.J.C., so that the managing agencies, Internationally, are kept aware of
the study. To this end, I am requesting the Lake Committee Chairman be
responsible for preparation of a draft copy of a report for each lake
concerned, following the outline for the five sections under 221, General
Description Individual Lakes, of the enclosed fishery outline. I would
appreciate if your section could be completed in tine to be included on the
agenda for the 1971 sessions of the Lake Committee meetings.
As the general introduction to the report to the I.J.C. will
include a detailed description of each lake, only those features pertinent
to fisheries interest need be included in this section. This should include
physical characteristics that would be affected by regulation of structures
or by fluctuating water levels as it affects a fishery, not the shoreline
property owner. This should include extent of littoral area, affect on
spawning grounds, changes in thermal characteristics from variation in water
levels, etc.
Boundaries for each lake system are obvious except for the
following:
1. The St. Marys River should be included with Lake Superior.
2. Lake Huron and Lake Michigan have been included as a single
unit in the outline, however for the draft report they should
be considered separately by each respective Lake Committee.
 
3. The St. Clair and Detroit Rivers should be included with Lake
St. Clair and be prepared by the Lake Erie Subcommittee.
.../2   D-B6   
 .. 3 .. December 22, 1970
If you require any mrther information, do not hesitate to contact
myself at, area code 705, telephone (M94102, or Bob Schueler, who is my
0.8. counterpart and is located at the Bureau of Sport Fish and Wildlife
Building, M51 Green Road, Ann Arbor, telephone 313—769—7100, extension 1.27.
Merry Christmas..
Yours truly,
J. J. Tibbles,
JJTzal Director
Encls.
Lake Superior Chairman,
Mr. Chas. Lloyd,
Conservation Department of Fisheries,
Madison, Wisconsin, U. S. A.
Lake Huron Chairman,
Mr. John Brubacher,
Ontario Department of Lands and Forests,
Fish and Wildlife Branch,
Parliament Builiings,
Toronto, Ontario.
Lakes Erie and St. Clair Chairman,
Mr. D. R. Johnston,
Fish and Wildlife,
Ontario Department of Lands and Forests,
353 Talbot Street West,
Aylmer West, Ontario.
Lake Ontario Chairman,
Mr. J. Walter Giles,
Ontario Department of Lands and Forests,
Parliament Buildings,
Toronto, Ontario.
Lake Michigan Chairman,
Dr. Wayne Tody,
Department Conservation,
Fisheries Division,
Lansing, Michigan, 1.8926, 'U.S.A.
c.c. Mr. R. L. Schueler
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 one phrase statements and then summarized. The complete summary is attached as
Appendix 1. A review of the summary provides overview on items of concern and the
irresolvable problems encountered in assigning monetary values to ecological effects.
These characteristics conform well with all three of the original constraints summarized
on page 1.
One can interpret several rather general constraints that might be of consider-
able importance in considering regulation plans for certain lakes, particularly if
coupled with Specific and predictable local effect. These generalized constraints are:
Regulation Plan Characteristics
 
High and Stable Most beneficial. Generally accepted as
causing most beneficial effects.
Constant Level Plans Depends upon relative prOposed level.
Generally, a high and constant level is
considered most desirable and a low and
level plan least desirable.
High and lnstable Has both negative and beneficial effects,
but benefits and negative effects offset
each other.
Low and Stable or lnstable Least desirable from ecological standpoint.
This brief report and its Appendix is offered for consideration in finalizing the
fishery portion of the study. Evidently, it will be difficult to develop an extensive
list of meaningful fishery constraints at this time which are sensitive to individual lake
characteristics. It appears that the tentative constraints advanced above will be the
basis of fishery input. Therefore, work from here on out should focus primarily upon
embellishment of these restraints .
Finally, the general lack of useful information of level fluctuations effects
on the littoral environment inversely reflects the traditional Great Lakes research
emphasis on deep water species and environment. As a result, decisions regarding
future Great Lakes water quality characteristics are now necessarily being made with
the great lack of littoral zone data. Had proportionate research emphasis been placed
on shoreline and littoral zone research, much of the existing information gap presently
confronting fish and wildlife interests in this and other important studies, would have
been greatly offset. At the very least, more meaningful constraints would have been
possible for the present study.
The present paucity of information stems from an unfortunate set of historical
circumstances. This is hindsight of value only in considering needs for present and
future ecological research emphasis. A very strong emphasis, stronger than that directed
to the open lake environment, is now needed on research in the aquatic littoral zones of
the Great Lakes so that ecological water resources planners of the future will not have
their effectiveness blunted with a similar information gap.  
 PLANS WITH ABRUPT LOW FLUCTUATIONS
Favorable Effects
(1) Some low fluctuations may be necessary
(2) May benefit the lamprey control program through exposure of ammocoetes
development areas
Unfavorable Effects
(1) Reduces pike and muskellunge Spawning habitat
(2) Can destroy lake trout, whitefish, Walleye, muskellunge and n. pike eggs
(3) Blocks fishing grounds and port facilities access
(4) Reduces some pier and dockside angling
(5) Detrimentally affects marsh ecology
(6) Precludes use of some water access points
(7) Aquatic invertebrate loss may be heavy
(8) Trapping of young of the year littoral fish by receding levels
(9) Early season bullhead and perch sport fishery adversely affected (L. Ontario)
(10) In summer may promote filamentous algae growth
(ll) Sandusky Bay seining negatively affected
(l2) Causes habitat turbidity
Neutral Comments
(i) Would have greatest effect on shallow lakes such as Erie and Lake St. Clair
(2) Open lake spawning areas appear unaffected
CONSTANT LEVEL PLANS
Favorable Effects
(1) Stable high marsh level good for fish life throughout year
(2) Reduces habitat turbidity '
Unfavorable Effects
(1) Curtails angling from some existing piers
(2) Accelerates erosion and habitat turbidity
(3) Reduces success of Sandusky Bay seine fishery
(4) May favor carp spawning
(5) Without proper maintenance may damage spring spawning
Neutral Comments
(1) Would have greatest effect on shallow littoral area
(2) Open lake spawning areas appear unaffected
D-C4  , .L.
 GENERAL LOW LEVEL PLANS
Favorable Effects
(1)
(2)
May increase turbidity to degree favorable for sauger spawning
May benefit lamprey control program by reducing ammocoetes
development areas
Unfavorable Effects
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(H)
(12)
(l3)
(l4)
(l5)
Reduces marshland spawning habitat for n. pike,muskel|unge, etc.
Can destroy lake trout, white fish, walleye, muskellunge and n. pike eggs
Decreases total fish production
Blocks access to port facilities and fishing grounds
Reduces pier and dockside angling
Marsh ecology detrimentally affected
Boat landing maintenance costs raised
Some boat access points cannot be used at all
Low water makes ice fishing unsuitable in areas of advanced aquatic
vegetation (L. Ontario)
Aquatic invertebrate loss may be extensive
Trapping of young of the year littoral fish by receding levels
Early season bullhead and perch fishery on L. Ontario adversely affected
Filamentous algae growth heavier in summer months
Sandusky Bay seining negatively affected
Cause habitat turbidity
U.S. GOVERNMENT PRINTING OFFICE: 1574—750-965
